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(54) TIRE WITH ASYMMETRIC TREAD PATTERN AND METHOD OF MOUNTING THE TIRE 



(57) Ttiis invention relates to a tire suitable in a pas- 
senger car» particularly atire being high in the resistance 
to hydroplaning on a wet road surface and low in the tire 
noise and having an asymmetric tread pattern. In such 
a tread pattern that at least two circumferential grooves 
extending along an equatorial plane . of the tire are 
formed in a region of a tread surface at an axially inner 
side with respect to the equatorial plane in the mounting 
on the vehicle and at least one circumferential groove 
is formed in a region at an axially outer side thereof, a 
circumferential groove nearest to the equatorial plane, 
of the tire among the circumferential grooves arranged 
in the axially inner side region has a width wider by 20% 
or more than an average groove width of the tire and a 
circumferential groove arranged toward a side of a tread 
end at the axiaily inner side region has a width corre- 
sponding to 90-110% of the average groove width, and 
the circumferential groove nearest to the equatorial 
plane of the tire at the axially outer side region has a 
width narrower by 10% ormore than the average groove 
width, whereby the resistance to hydroplaning and the 
controllability of tire noise, which have a conflicting re- 
lation in the prior art, are established in a higher level. 



FIG. 3 



Axially inner side Axially outer side 




Printed by Jouve, 75001 PARIS (FR) 



1541380A1 I _> 



EP 1 541 380 A1 

Description 

TECHNICAL FIELD 

5 [0001 ] This invention relates to a tire suitable for use in a passenger car, and nnore particularly to a tire having a high 
resistance to hydroplaning on a wet road surface and a low tire noise and a method of mounting the same. 

BACKGROUND ART 

w [0002] There are various articles as to a tire having an asymmetric tread pattern which designates directions to inner 
and outer sides of a vehicle when the tire is mounted on the vehicle. 

[0003] For example, the commercially available tires having the asymmetric pattern are constituted by dividing func- 
tions so that a portion of a tread at an axially outer side of a vehicle with respect to an equatorial plane of the tire is 
applied to the improvement of a steering performance and the remaining portion at axially inner side is applied to the 
15 improvement of drainage property as disclosed in a non-patent document 1 . As a general constituting method, a ratio 
of groove area in a tread contacting face or a negative ratio is made small to make large a blocic rigidity in the axially 
outer side of the tread mounted on the vehicle, while the negative ratio is made large to make small the block rigidity 
in the axially inner side. 

[0004] Also, as shown in "Monthly Tire, March of 2003, New product highlights", there is an example that it is at- 
20 tempted to improve conflicting performances such as wet performance, noise through columnar resonance and wear 

at axially outer side of the vehicle by arranging one circumferential main groove in the axially outer side region of the 

tread mounted on the vehicle and two circumferential main grooves and slant grooves in the axially inner side region. 

In this example, the general running performances on a wet road surface are considered as to the wet performance, 

and the resistance to hydroplaning is not particularly mentioned. 
25 [0005] However, as the performances of the tire having the above construction are evaluated at a state of actually 

using the tire, that is, at a state of mounting the tire onto a vehicle, there is frequently caused a problem that the control 

of tire noise and the resistance to hydroplaning can not be established. 

[0006] Moreover, the wet performance Is disclosed in the examples of JP-A-10-217719, but a case of causing the 
hydroplaning phenomenon is generally a case of a deep water depth, which is elucidated to be not included in the 
30 general wet road surface disclosed in this example. 

DISCLOSURE OF THE INVENTION 

[0007] The invention Is made for solving the problems of the conventional technique and is to propose a technique 
35 for simultaneously establishing the improvement of the resistance to hydroplaning and the. control of the tire noise, 
which has hitherto been a conflicting relation, in a high dimension. 

[0008] The inventors have minutely examined the case that the control of the tire noise and the resistance to hydro-:, 
planing can not be established and confirmed that the common feature in both the performances is a point that a 
camber to ground is applied to the tire mounted on the vehicle and a ground contact shape of the tire Is different from 
40 a case that a camber to ground is 0°. That is, the conventional technique has a problem in a point that the tire per- 
formances are not optimized at a state of mounting on the vehicle. 

[0009] Further, the inyentors have made various studies with respect to means for ensuring the stability of the vehicle 
on a dry road surface and the wear resistance in addition to the improvement of the resistance to hydroplaning and 
the control of the tire noise. That is, the inventors have noticed a state of actually using and mounting the tire on the 
45 vehicle, particularly a posture of the tire mounted (camber angle, toe-in and the like) and a ground contact shape at 
this state and a drainage and water flow (flow line) and analyzed them In detail and obtained knowledge of the following 
items (a)-(d). 

[0010] (a) The tire is mounted at a slight toe-in or negative camber In almost all of vehicles; 

[0011] (b) As a result, a long ground cc '^act por^^ plane of the tire toward an axially 

50 inner side to the vehicle, so that in order u ::?rove the steering stability, it is required to form a pattern having a large 
rigidity in a width wise direction of the tire > middle between a tread center portion (maximum belt tension portion) 
and a portion having a maximum peripherri, length of the tread contacted with ground from a viewpoint of ground 

contact area and belt rigidity; 

[0012] (c) Since the belt rigidity is high in the tread center portion, circumferential strain produced during the rotation 
55 of the tire is large In a land part having a high rigidity in the widthwise direction of the tire, and the wear resulted from 
the releasing of the strain becomes large at the trailing. In order to avoid such a phenomenon, it Is required to establish 
the rigidity in the widthwise direction of the tire and the escape of rubber in the circumferential direction; and 
[0013] (d) The contribution of the circumferential groove to the resistance to hydroplaning or drainage property be- 
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comes maximum at a portion of the tread having a maximum ground contact iength in the circumferential direction. 
Therefore, in order to establish the resistance to hydroplaning and the steering stability, it is effective that the position 
of the land part and the position of the circumferential groove are displaced in relation with the above item (a), and the 
circumferential groove located at the axially inner side with respect to the equatorial plane of the tire in the mounting 
on the vehicle Is made wider; and derived means for ensuring the stability of the vehicle and the wear resistance on 
the dry road surface. 

[0014] Moreover, the inventors have examined the uneven wear of a shoulder portion of the tire located at axially 
inner side with respectto the vehicle in the mounting on the vehicle and derived means for controlling the uneven wear. 
[0015] The invention Is made based on the above knowledge. 
[0016] That is, the summary and construction of the invention are as follows. 

[001 7] (1 ) A tire having an asymmetric tread pattern which designates directions to inner and outer sides of a vehicle 
when the tire is mounted on the vehicle, wherein at least two circumferential grooves extending along an equatorial 
plane of the tire are formed in a region of a tread surface at an axially inner side with respect to the equatorial plane 
in the mounting on the vehicle and at least one circumferential groove is formed in a region at an axially outer side 
thereof, and a circumferential groove nearest to the equatorial plane of the tire among the circumferential grooves 
arranged in the axially inner side region has a width wider by 20% or more than an average groove width of the tire 
and a circumferential groove arranged toward a side of a tread end at the axially Inner side region has a width corre- 
sponding to 90-110% of the average groove width, and the circumferential groove nearest to the equatorial plane of 
the tire at the axially outer side region has a width narrower by 1 0% or more than the average groove width. 
[0018] (2) A tire having an asymmetric tread pattern according to the item (1), wherein one circumferential groove 
is arranged In the axially outer side region and the circumferential groove arranged in the axially inner side region and 
nearest to the equatorial plane of the tire has a width conresponding to 120-145% of the average groove width. 
[0019] (3) A tire having an asymmetric tread pattern according to the item (1 ), wherein two circumferential grooves 
are arranged in the axially outer side region and the circumferential groove arranged In the axially inner side region 
and nearest to the equatorial plane of the tire has a width corresponding to 1 30-1 60% of the average groove width. 
[0020] (4) A tire having an asymmetric tread pattern according to any one of the items (1 ) to (3), wherein a rib-like 
land part extending along the equatorial plane of the tire is arranged on or in the vicinity of the equator of the tire 
sandwiched between the circumferential grooves, and the rib-like land part has a center in the widthwise direction of 
the tire positioned from the equatorial plane of the tire toward a side of elongating a circumferential length of a ground 
contact area of the tread when a n egative camber is applied to the tire and is provided with plural fine grooves extending 
In a direction crossing with the equatorial plane of the tire, and the fine groove has a portion extending in a direction 
inclined with respect to a radial direction of the tread in the tire, and further a circumferential groove located at the side 
of elongating the circumferential length of the ground contact area of the tread among the two circumferential grooves 
sandwiching the rib-like land part has a wide-width. 

[0021] (5) A tire having an asymmetric tread pattern according to the item (4), wherein the fine groove has an incli- 
nation angle of 5-55° with respect to the widthwise direction of the tire. 

[0022] (6) A tire having an asymmetric tread pattern according to the item (4) or (5), wherein the fine groove is opened 
at the surface of the tread. 

[0023] (7) A tire having an asymmetric tread pattern according to the item (4), (5) or (6), wherein an opening width 
of the fine groove is not more than 2 mm. 

[0024] (8) A tire having an asymmetric tread pattern according to the item (4) or (5), wherein the fine groove is closed 
at the surface of the tread. 

[0025] (9) A tire having an asymmetric tread pattern according to any one of the items (1) to (3), wherein a rib-like 
land part extending along the equatorial plane of the tire is arranged on or in the vicinity of the equator of the tire 
sandwiched between the circumferential grooves, and the rib-like land part has a center in the widthwise direction of 
the tire positioned from the equatorial plane of the tire toward a side of elongating a circumferential length of a ground 
contact area of the tread when a negative camber is applied to the tire and is provided with plural ellipsoidal recessed 
dimples having a major axis in a direction crossing with the equatorial plane of the tire, and further a circumferential 
groove located at the side of elongating the circumferential length of the ground contact area of the tread among.the 
two circumferential grooves sandwiching the rib-like land part has a wide-width. 

[0026] (1 0) A tire having an asymmetric tread pattern according to the item (9), wherein the major axis of the dimple 
has an inclination angle of 5-45° with respect to the widthwise direction of the tire. 

[0027] (11) A tire having an asymmetric tread pattern according to any one of the Items (1) to (3), wherein a total 
volume of lateral grooves, which may be fomried in a land part at the axially inner side in the mounting on the vehicle 
among the land parts defined between the circumferential groove and the tread end, per a unit width in the widthwise 
direction of the tread over a full circumference of the tread is made smaller than a similar total volume in the land part 
at the axially outer side in the mounting on the vehicle. 

[0028] (1 2) A tire having an asymmetric tread pattern according to the item (11), wherein plural holes separated from 
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the circumferential groove and having a maximum depth corresponding to not less than 1/3 of a depth of the circum- 
ferential groove are formed in the land part at the axially inner side in the mounting on the vehicle, and a volume of 
concave portion In a zone ranging from a line passing through a center of such a land part in the widthwise direction 
of the tread to the side of tread end is made larger than a volume of concave portion in a zone ranging from the line 

5 passing through the center in the widthwise direction toward a side opposite to the tread end. 

[0029] (1 3) A tire having an asymmetric tread pattern according to the item (11 ) or (1 2), wherein the land part at the 
axially inner side in the mounting on the vehicle is divided by a fine-width circumferential groove into a widthwise outer 
portion and a widthwise inner portion, and a width of the widthwise outer portion is made narrower than the widthwise 
inner portion and is not more than 1/10 of a tread width. 

10 [0030] (14) A tire having an asymmetric tread pattern according to the item (13), wherein at least one of curvature 
centers of curves constituting a profile of a side face of the widthwise outer portion in the tread at a section in the 
widthwise direction of the tire is positioned at an outer side of the tire, and a curvature center of a curve constituting a 
profile of the widthwise inner portion is positioned at an inner side of the tire. 

[0031 ] (1 5) A tire having an asymmetric tread pattern according to any one of the items (1 1 ) to {1 4), wherein a width 
15 of the fine-width circumferential groove is gradually widened from a groove bottom toward a side of the surface of the 
tread. 

[0032] (1 6) A tire having an asymmetric tread pattern according to any one of the items (1 1 ) to (1 5), wherein at least 
a part of a zone having plural holes in the land part at the axially inner side mounted on the vehicle is contacted with 
ground under an action of a load corresponding to not less than 70% of a maximum load capacity of the tire. 
20 [0033] (1 7) A tire having an asymmetric tread pattern any one of the items (11) to (16), wherein an opening size of 
the hole in the land part at the axially inner side mounted on the vehicle is made large toward a direction separating 
away from the equatorial plane of the tire. 

[0034] (18) A tire having an asymmetric tread pattern according to any one of the items (11) to (17), wherein a 
distance among the plural holes in the land part at the axially inner side mounted on the vehicle is made smaller toward 
25 a direction separating away from the equatorial plane of the tire. 

[0035] (1 9) A tire having an asymmetric tread pattern according to any one of the items (11 ) to (1 8), wherein a depth 
of the hole in the land part at the axially inner side mounted on the vehicle is made deepertoward a direction separating 
away from the equatorial plane of the tire. 

[0036] (20) A tire having an asymmetric tread pattem according to any one of the items (1) to (3), wherein when the 
30 tire is mounted on a wheel in which a transmission ratio of a radial force input to one end portion of a rim in the widthwise 
direction toward an axle is larger than the similar transmission ratio of a force input to the other end portion of the rim 
in the widthwise direction, a total volum.e of lateral grooves, which may be formed in a land part located at a side of 
large transmission ratio mounted on the wheel among the land parts defined between the circumferential groove and 
the tread end, per unit width in the widthwise direction of the tread over a full circumference of the tread is made smaller 
35 than the similar total volume of lateral grooves formed in the land part located at the side of the other tread end, and 
the land part located at a side of large transmission ratio is divided by a fine-width circumferential groove into a widthwise 
outer portion and a widthwise inner portion , and a plurality of holes separated from the circumferential groove and the 
lateral grooves are formed in the widthwise inner portion. 

[0037] (21 ) A tire having an asymmetric tread pattern according to the item (20), wherein a width of the fine-width 
40 circumferential groove is gradually widened from a groove bottom toward a side of a surface of the tread. 

[0038] (22) A tire having an asymmetric tread pattern according to the item (20) or (21), wherein an opening size of 
each of the plural holes formed in the widthwise inner portion is made larger toward a direction separating away from 
the equatorial plane of the tire. 

[0039] (23) A tire having an asymmetric tread pattem according to any one of the items (20) to (22), wherein a 
45 distance among the mutually plural holes formed in the widthwise inner portion is made smaller toward a direction 
separating away from the equatorial plane of the tire. 

[0040] (24) A tire having an asymmetric tread pattem according to any one of the items (20) to (23), wherein a depth 
of each of the plural holes fomied in the widthwise Inner portion is made deeper toward a direction separating away 

from the equatorial plane of the tire; " " " ~ " ~ 

50 [0041] (25) A tire having an asymmetric tread pattern according to any one of the items (20) to (24), wherein at least 
a part of a zone having plural holes in the widthwise inner portion is contacted with ground under an action of a lead 
corresponding to not less than 70% of a maximum load capacity of the tire. 

[0042] (26) A tire having an asymmetric tread pattern according to any one of the items (20) to (25), wherein at least 
one of curvature centers of curves constituting a profile of a side face of the widthwise outer portion in the tread at a 
55 section in the widthwise direction of the tire is positioned at an outer side of the tire, and a curvature center of a curve 
constituting a profile of the widthwise inner portion is positioned at an inner side of the tire. 

[0043] (27) A tire having an asymmetric tread pattern according to any one of the items (1 ) to (3), wherein an effective 
ground contact area of either axially inner side or axially outer side at a state that the tire is assembled on an approved 
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rim and filled with a normal air pressure and loaded under a mass corresponding to a maximum load capacity is made 
larger than that of the other side, and a radial distance from a tangential line on an outer surface of the tread perpen- 
dicular to the equatorial plane of the tire to each of tread ground contact edges at a posture of filling the normal air 
pressure is made larger in the side having a small effective ground contact area than in the other side. 
5 [0044] (28) A tire having an asymmetric tread pattern according to the item (27), wherein a relation between a ratio 
of large and small of the effective ground contact area (S-large/S-small) and a ratio of large and small of the radial 
distance (R-large/H-small) Is (S-large/S-small) = A x (H-large/H -small) in which A Is 1 .0-1 .4. 

[0045] (29) A method of mounting a tire having an asymmetric tread pattern on a vehicles through a suspension 
giving a negative camber at full time or as needed, which comprises taking a tire as claimed in any one of the items 

io (1 ) to (28) in a use form that a circumferential groove formed in an axially inner side region with respect to an equatorial 
plane of the tire in the mounting on a vehicle and nearest to the .equatorial plane overlaps with such a position that a 
circumferential length of a tread ground contact region when a negative camber is applied to the tire. 
[0046] (30) A method of measuring vibration transmission characteristic of a wheel, which comprises mounting a 
wheel assembled with a tire having a sectional shape in a widthwise direction symmetric with respect to an equatorial 

15 plane onto an axle member, applying vibrations having different frequencies to each shoulder portion of a tread of the 
tire in a radial direction to measure a transmission ratio represented as a ratio of an axle input produced In the axle 
mehriber based on the vibration applied force to the vibration applied force, and determining an average value of the 
transmission ratio at each frequency every the shoulder portion to judge what average value of the transmission ratio 
among the determined average values is large. 

20 [0047] (31 ) A method of measuring vibration transmission characteristic of a wheel according to the item (30), wherein 
a zone of the vibration frequency applied is 300-1000 Hz. 

[0048] In the invention, the term "circumferential groove" used herein is a groove extending in the circumferential 

direction of the tread and having a width corresponding to not less than 2.5% of a tread width. 

[0049] Also, the term "lateral groove" used in the item (11) means a groove having an inclination angle of not less 

^5 than 20° with respect to the circumferential direction of the tread. 

[0050] Furthermore, the temn "volume of concave portion" used in the item (1 1 ) is an integration value of all volumes 
of circumferential groove, lateral grooves and holes in each region over a full circumference of the tire. 
[0051 ] Similariy, the temn "tread width" used In the Item ( 1 2) means a ground contact width when the tire is assembled 
on an approved rim and filled under a nomnal air pressure and loaded under a mass corresponding to a maximum load 

30 capacity. In this case, the term "approved rim" means a rim defined In the following standard, and the term "maximum 
load capacity" means a maximum mass allowed to apply load to the tire according to the following standard, and the 
term "normal air pressure" means an air pressure defined in correspondence with the maximum load capacity according 
to the following standard. 

[0052] The standard is decided by an industrial standard effective in the production of tires or areas using the same. 
35 For example, there are "Year Book of The Tire and Rim Association Inc." in USA, "Standard Manual of The European ' 
Tire and Rim Technical Organization" in Europe, and "JATMA Year Book" of The Japan Automobile Tire Manufactttrers 
Association Inc. In Japan. 

[0053] In this specification, rib-shaped land part and block-shaped land part row give a generic name as a land part 
without distinguishing them. 

^0 [0054] As the hydroplaning phenomenon is analyzed in various tires as a numerical value to conduct detail exami- 
nations, it has been confirmed that the direction of the groove capable of improving the drainage property is a water 
flowing direction (flow line direction), and this flow line direction is substantially the same as a direction of normal line 
of the ground contact form. For this end, the circumferential groove contributes to the improvement of the drainage 
property in the vicinity of the tread center during the straight running, while the widthwise groove contributes to the 

45 improvement of the drainage property in the viclnfty of the ground contact end in the widthwise direction of the tread. 
Also, noting on the front wheel being important in the resistance to hydroplaning, it has been confimned that the load 
increases at the braking and the suspension is stroked, and hence the negative camber is easily applied. In this case, 
it has been found that a widthwise position of the tire directing the normal line of the ground contact form into the 
circumferential direction moves toward the axially inner side at the mounting of the tire on the vehicle. Therefore, it has 

50 newly been found that the drainage property can be more improved by arranging the circumferential groove at the 
axially inner side. 

[0055] As various tires having different flatness ratios and hence different ground contact forms are observed, when 
maximum width and maximum circumferential length in the ground contact form are compared under actually used 
conditions, it has been found that as the ground contact fonn Is shown by a thick solid line on a tread pattern having 
55 circumferentiar grooves 1a-1d in FIG. 1 , when the maximum width of FIG. 1 (a) is larger than the maximum circumfer- 
ential length, the circumferential grooves drain a greater amount of water as compared with the opposite case shown 
in FIG. 1 (b). That is, in the illustrated embodiment, the four circumferential grooves 1 a-1 d of FIG. 1 (a) attains 80% of 
the whole drainage amount, while the drainage amount in total of the circumferential grooves 1 a-1 d of FIG. 1 (b) is 60% 
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of the whole. 

[0056] Therefore, in case of the tire shown in FIG. 1 (a) In which the nnaximum ground contact width is larger than 
the nnaximunn circumferential length, the drainage property can be improved to improve the resistance to hydroplaning 
by making the number of the circumferential grooves large in the vicinity of the tread center portion. 

5 [0057] On the other hand, the circumferential groove forms a pipe having the same length as the ground contact 
length with a road surface, and the resulting pipe Is a noise source being a columnar resonance which generates a 
sound as in a whistle. With respect to tires in which one circumferential groove is arranged in various positions in the 
widthwise direction of the tire, as the results measured on the columnar resonance sound are shown in FIG. 2, it is 
found that even when the section and width of the groove (pipe section) and the ground contact length (pipe length 

10 are the same, the magnitude or sensitivity of the columnar resonance sound differs in positions in the widthwise direction 
of the tire. This sensitivity Is low at the axlally inner side of the tread and becomes maximum at the axially outer side. 
The decrease of the sensitivity from the tread center toward the axially inner side is larger than the increase of the 
sensitivity from the tread center toward the axially outer side. 

[0058] As seen from the above, In order to Improve the resistance to hydroplaning, it Is effective to properly utilize 
IS the circumferential groove(s), and In order to reduce the noise from the groove, it is better to arrange a greater number 

of the grooves at the axially inner side from the tread center 

[0059] A typical example of the tread pattern according to the invention based on the above knowledge is shown in 
FIG, 3. 

[0060] That Is, this tread pattern has at least two circumferential grooves, two circumferential grooves 1a and 1b in 
20 the illustrated embodiment In a region from an equatorial plane O of the tire to an axially Inner side during the mounting 
on a vehicle, and at least one circumferential groove, one circumferential groove 1 c in the illustrated embodiment in 
a region to an axially outer side. 

[0061] In this case, it Is important that the circumferential groove lb arranged nearest to the equatorial plane O of 
the tire among the circumferential grooves 1 a and 1 b arranged In the region to the. axially inner side has a width wider 

25 by 20% or more than an average groove width defined by dividing a total groove width of the tire (total width of the 
circumferential grooves arranged in the tread) by the number of the circumferential grooves, and the circumferential 
groove la arranged toward a side of a tread end in the region of the axially inner side has a width corresponding to 
90-1 1 0% of the average groove width, and the circumferential groove 1 c in the region of the axially outer side has a 
width narrower by 10% or more than_the average groove width. 

30 [0062] That is, since the amount of water reserved in a central region in the widthwise direction of the tread per unit 
ground contact width is larger by 20% or more than that in a region adjacent thereto, the drainage property is consid- 
erably improved by making the width of the circumferential groove 1 b nearest to the equatorial plane of the tire by 20% 
or more than the average groove width. Moreover, when the groove width of the circumferential groove 1 b is widened 
exceeding the 1 00% of the average groove width, it is feared that it Is difficult to conduct drainage due to the crushing 

35 of the central portion of the circumferential groove 1 b in the contact with ground, so that it is preferable that the upper 
limit of the increase of the groove width is 100% of the average groove width. 

[0063] On the other hand, since the circumferential groove 1 c arranged in the axially outer side is high in the sensitivity 
to the columnar resonance, the groove width Is made narrower by 1 0% or more than the average groove width, whereby 
the ability of controlling the noise can be improved with the Inclusion of widening the width of the circumferential groove 
40 lb and further la. Moreover, when the width of the circumferential groove 1c is less than 3 mm, there is a fear not 
developing the function as a groove, so that the lower limit is preferable to be 3 mm, 

[0064] Since the circumferential groove 1 a located at a side of the shoulder In the axially Inner side in the mounting 
is low in the sensitivity to the columnar resonance, even If the groove width is widened or narrowed, the influence on 
the noise is less. In order to more improve the resistance to hydroplaning under a negative camber in the braking, 

45 therefore, it is sufficient to make the groove width wider to 1 0% than the average groove width. On the other hand, in 
order to Improve the resistance to hydroplaning in the straight running, it is better to make the groove width narrower 
to 1 0% than the average groove width so as to improve the drainage property together with the groove of the axially 
outer side. In other words, when the width of the circumferential groove at the axially outer side In the mounting on the 
vehicle is made to about 1 0% reduced frdh^ the average groove width, the drainage property at the axially outer side 

50 can be improved as compared with the case of being made narrower than 1 0% in similar way. 

[0065] When the difference between the maximum ground contact width and the ground contact length in the cir- 
cumferential direction Is small, or when the ground contact form is horizontally somewhat long, for example, if the 
flatness ratio of the tire is high or the load bearing is large, the drainage efficiency of the circumferential groove becomes 
small as compared with the case that the maximum ground contact width is larger than the ground contact length in 

55 the circumferential direction. In other words, the drainage effbiency of the circumferential groove becomes large In 
case that the ground contact form is extremely horizontally long. Also, since the sensitivity to the columnar resonance 
is large in the axially outer side. It is frequent that when the number of the circumferential groove is one in the region 
of the axially outer side, the resistance to hydroplaning and the noise perfomnance are improved. In this case, the 



6 



NSDOCID: <EP 1 541 380A1 _L> 



EP 1 541 380 A1 



amount of water reserved in the central region per unit ground contact width is larger by 20-45% than that in the adjacent 
region, so that the resistance to hydroplaning can be f urther improved by making the width of the circumferential groove 
1 b at the axially inner side wider by 20-46% than the average groove width. 

[0066] Also, when the difference between the maximum ground contact width and the circumferential ground contact 

length is large or the ground contact form is horizontally long, for example, if the flatness ratio of the tire is low or the 
load bearing is small, the drainage efficiency of the circumferential groove becomes large as compared with the case 
that the difference between the maximum ground contact width and the circumferential ground contact length is small. 
For this end, the resistance to hydroplaning can be more effectively improved when two circumferential grooves are 
arranged at the axially outer side. Also, the amount of water reserved In the central region per unit ground contact 
width is larger by 25-55% than that in the adjacent region, so that the resistance to hydroplaning can be further improved 
by making the width of the circumferential groove 1 b at the axially inner side wider by 25-55% than the average groove 
width. 

[0067] Next, the method of actually mounting the tire having the above tread pattern on a vehicle will be described 
in detail. 

[0068] In case of using at a state of applying a negative camber during the mounting on the vehicle, or in case of 
using at a state of applying a negative camber by a change of a load such as change of person(s) and goods ridden, 
change of braking or traction force or the like, the ground contact length in the ground contact form becomes long at 
the axially inner side than at the equatorial plane of the tire. In this case, the drainage efficiency of the circumferential 
groove becomes maximum at such a position that the ground contact length is maximum, and further this position is 
a position in which the sensitivity to columnar resonance becomes low at an inner side from the equatorial plane of 
the tire as previously mentioned. Therefore, it is advantageous to provide a mounting posture so that the above width- 
widened circumferential groove 1 b overlaps with a position mL in which the circumferential length of the tread ground 
contact region becomes maximum when a negative camber is applied to the tire as shown in FIG. 4. In this case, the 
"overlapping" means an arrangement that the position mL is included in the circumferential groove 1b, and it Is not 
necessarily required that the position mL is existent In the widthwise center of the circumferential groove 1b. 
[0069] It is possible to simultaneously establish the improvement of the resistance to hydroplaning and the reduction 
of columnar resonance noise by the above mounting of the tire. 

[0070] Then, there is described a high-running performance tire ensuring the stability of the vehicle on a dry road 
surface and the wear resistance while highly maintaining the resistance to hydroplaning on a wet road surface. 
[0071] In the radial tire, it is effective to increase the strengths of the tread portion and the belt portion located inside 
the tread portion through flatening of the tire for enhancing the high-speed running performance, but in order to provide 
the steering stability on the wet road surface on such a tire, it is required to enhance the drainage property on the 
width-widened tread portion based on the flatening. In this case, in order to enhance the so-called resistance to hy- 
droplaning, it is attempted to raise the drainage efficiency by lowering the ground contact ratio of the land part of the 
tread, or arranging a wide-width circumferential groove in the widthwise central part of the tread portion along a direction 
of flowing water (flow tine) in the drainage, or arranging slant grooves extending in an oblique direction with respect to 
the equator of the tire so as to match with the slant flow line in the shoulder portion, 

[0072] On the other hand, a rib-based tread pattern in which grooves and the like are not too arranged in the tread 
center portion is adopted for utilizing high belt tension and high rigidity in the center portion through so-called hoop 
effect as is expected to develop gripping force and steering stability In case of running at high speed on the dry road 
surface or the like. 

[0073] Therefore, it is present status that the drainage property on the wet road surface is conceivably conflicting 
with the gripping force and steering stability in case of running at the high speed on the dry road surface or the like. In 
addition, there is a problem that since the tread center portion is high in the belt rigidity as previously mentioned, strain 
in the circumferential direction of the tread center portion accompanied with the rotation becomes excessive to easily 
cause preferential wearing of the center portion, i.e. so-called center wearing. 

[0074] Under such a situation, It is present to design a tread pattern capable of actually temporizing the aforemen- 
tioned various perfomiances. However, there can not be obtained results satisfying the performances as far as possible. 
[0075] In the invention, therefore, the means for highly establishing the resistance to hydroplaning and the steering 
stability and wear resistance, which are conflicting relation in the conventional technique, is established as shown in 
the above items (4)-{10). 

[0076] This means is described in detail with reference to the drawings below. 

[0077] FIG. 5 Is a tread pattern for a passenger car tire according to the invention. The tread of this embodiment 
comprises four circumferential grooves 1 a-1 d extending along an equatorial plane O of the tire, among these circum- 
ferential grooves 1 a-1 d and tread ends T are defined land parts 2a and 2b each consisting of blocks toward both sides 
of the tread ends T, land parts 3a and 3b located at Inner sides In the widthwise direction of the tire, and a rib-shaped 
land part 4 on the equatorial plane O of the tire. 

[0078] Also, the land parts 3a and 3b have slant grooves 5a and 5b extending obliquely with respect to the equatorial 
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plane O of the tire and opening to an outside in the widthwise direction of the tire. Furthermore, the rib-shaped land 
part 4 has a plurality of fine grooves 6 extending across the equatorial plane O of the tire. 

[0079] As a ground contact form when a negative camber is applied to the tire is shown by a thick solid line in FIG. 
5, it is important that a center S of the rib-shaped iand part 4 in the widthwise direction of the tire is positioned from 
5 the equatorial plane O of the tire toward such a side that a circumferential length of a tread ground contact region is 
elongated when the negative camber is applied to the tire (a side of existing a position mL of a maximum ground contact 
length of the tread). 

[0080] That is, the rib-shaped land part 4 can be arranged in a high belt rigidity portion of producing a high belt 
tension through the aforementioned hoop effect at the tread center portion and of enlarging a. ground contact area 

10 through the elongation of the ground contact length, which is effective to largely enhance the steering stability. 

[0081] Also, it is required to arrange the fine grooves 6 in the. rib-shaped land part 4 so as not to concentrate the 
wearing in the rib-shaped land part 4 existing in the tread center portion through the high belt rigidity. That is, the 
circumferential strain accompanied with the rotation of the tire can be mitigated by the fine grooves 6, so that the 
wearing is suppressed in the release of strain produced in the leading time. 

15 [0082] On the other hand, the formation of the fine grooves 6 brings about the lowering of the rigidity in the rib-shaped 
land part 4 in the widthwise direction of the tire, so that it is required to suppress the lowering of the gripping force to 
a minimum level by establishing the mitigation of strain in the ground contacting and the rigidity in lateral direction. 
That is, the fine groove 6 Is advantageous to have a portion extending in a direction Inclined with respect to a radial 
direction of the tire tread so that the lateral rigidity can be held in the ground contact region while land parts defined 

20 by the fine grooves 6 escape in the circumferential direction and interfere with each other In the widthwise direction. 
[0083] In this case, the feature that the fine groove 6 has a portion extending in a direction inclined with respect to 
a radial direction of the tire tread means that the fine groove 6 is not uniformly extended in the radial direction and 
widthwise direction of the tire. Concretely, it is preferable that as a steric view of thef ine groove 6 in a depth direction 
of the rib-shaped iand part 4 is shown in FIG. 6, the fine groove 6 is divided into, for example, three segments and the 

25 cut of each segment in the depth direction is inclined with respect to the radial direction of the tire and directions of the 
adjoining segments are opposite to each other. In this case, an angle a defined between the cuts of the segments Is 
advantageous to be within a range of 5-30''. 

[0084] in addition to the fine groove 6 having the cut Inclined with respect to the radial direction of the tire tread as 
shown in FIG. 6, the cut may be extended in the inclination direction with respect to the radial direction of the tire while 
30 twisting, or the cut from the surface of the tread may be extended in a different direction on a halfway, or the cut from 
the surface of the tread may be divided into plural sections In the widthwise direction on a halfway and the extending 
directions may be made different among the divided sections. In brief, it is a basis that each of the fine grooves is 
discontinuous in the widthwise direction of the tire. 

[0085] Because, the formation of the fine groove 6 extended in such a direction escapes the strain in the circumfer- 
35 entlal direction, while it is avoided to continue the groove in the widthwise direction of the lire, and as a result, the 
deformation of the fine groove can be suppressed to ensure the rigidity by the Interference through adjoining walls 
defined and regulated in the widthwise direction of the tire. 

[0086] Thus, the conflicting performances among the resistance to hydroplaning, steenng stability and wear resist- 
ance, which have hardly been established, can be established in a high dimension. 

40 [0087] Also, it is preferable that the fine groove 6 is inclined within a. range of 5-55° with respect to the widthwise 
direction of the tire in order to mai<e small a so-called pattem noise produced by contacting the land part with ground 
at the leading during the running of the tire. That is, when the angle is less than 5°, there is a fear that the fine groove 
Is periodically coincident with a line of the ground contact form during the rotation of the tire to result in the occun-ence 
of a large pattern noise. While, when it exceeds 55°, there is a fear that the rigidity of the rib-shaped land part 4 in the 

45 widthwise direction lowers to badiy exert on the steering stability. 

[0088] Furthemnore, the fine groove 6 is preferable to be opened at the surface of the tread from a viewpoint of 
controlling the wear of the tread center portion. Concretely, when the opening width is not more than 2 mm, the effect 
of reducing the strain In the circumferential direction can be sufficiently developed. 

[0089] Similarly, the fine groove Is prefe^^^ the surface of the tread from a viewpoint of improving 

50 the steering stability. 

[0090] i\/loreover, the same function and effect as in the fine groove 6 can be obtained by forming ellipsoidaliy re- 
cessed dimples 7 having an major axis in a direction crossing the equatorial plane O of the tire instead of the fine 
grooves 6 as shown in FIG. 7. In this case, acenter of the major axis of the dimple 7 Is preferable to be made coincident 
with the center of the rib-shaped land part 4 in the widthwise direction of the tire. 
55 [0091] Further, there Is described a case that a technique of suppressing the uneven wear is further applied to the 
tire highly maintaining the resistance to hydroplaning on the wet road surface and reducing the noise according to the 
above. 

[0092] In general, there is frequently caused a case that the wearing of a portion corresponding to the axially inner 
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side at the state of mounting on the vehicle comes into problem in the front wheel of the pneumatic tire. This is based 
on a large factor that the load of the front wheel in the braking is increased to increase the alignment of the front wheel 
at a negative camber and a toe-out in addition to the fact that the setting of the vehicle itself to the negative camber Is 
relatively much. 

[0093] In case of the negative camber, a ground contact length of the shoulder portion at the axlaily Inner side be- 
comes longer than a ground contact length of the outer side, so that if a slight slip angle of toe-in or toe-out is applied 
at this stale, the lateral slippage of the tire becomes large and the shoulder portion at the axially inner side excessively 
bears the lateral force, which is a factor of causing uneven wear that the shoulder portion at the axially inner side is 
much worn as compared with the shoulder portion at the axially outer side. 

[0094] Also, a longitudinal deflection of the shoulder portion at the axially inner side becomes larger than that of the 
shoulder portion at the axially outer side, so that the width is widened and the width-widened region is drawn to receive 
force in the braking direction, which is also a factor of causing the uneven wear. 

[0095] Furthermore, the shoulder portion at the axially inner side is large in the deflection as compared with the 
shoulder portion at the axially outer side and becomes small in the rotating radius, which Is drawn to receive force in 
the braking direction. The bearing of this force becomes larger in a region nearto the ground contact end and a nucleus 
for uneven wear Is easily produced in this region. 

[0096] Thus, the uneven wear produced in the shoulder portion at the axially inner side is hardly observed and noticed 
at a state of mounting on the vehicle by a driver, so that if the uneven wear is left to stand without a proper treatment, 
It progresses and finally is feared to be a cause of troubles such as tire burst and the like. 

[0097] In the Invention, therefore, means for effectively suppressing the uneven wear of the shoulder portion at the 
axially inner side after the mounting on the vehicle Is established as described in the items (11)-(19). 
[0098] This means is described with reference to the drawings in detail. Moreover, the drawings on and after FIG. & 
mainly explain the land part construction and do not accurately show the width of the circumferential groove. The 

groove width may be properly changed under the features of the invention. 

[0099] That is, FIG. 8 is a developed view of a tread pattern shown by a front view of a tire at a posture of mounting 
on a vehicle. 

The Interior structure of this tire Is the same as In the general radial tire and an Illustration thereof is omitted here. In 
a tread TD are arranged at least two circumferential grooves, three circumferential grooves 1 a, 1 b and 1 c In the illus- 
trated embodiment continuously extending in a circumferential direction. As to land parts 2a and 2b defined by the 
circumferential grooves 1a, 1c and a tread end T, the land part 2a located at an axially inner side mounted on the 
vehicle is rendered into a nb, and the land part 2b located at, an axially outer side mounted on the vehicle is rendered 
into a land part row of blocks defined by lateral grooves 8, whereby a total volume of lateral grooves, which may be 
formed In the land part 2a (lateral groove is not formed In the illustrated embodiment), per unit width in a widthwise 
direction of the tread over a full circumference of the tread is made smaller than a total volume of lateral grooves 8 
formed in the land part 2b at a side of the other tread end and hence the rigidity In the circumferential direction of the 
land part Is made larger in the land part 2a than in the land part 2b. Moreover, lateral grooves 9a and 9b are formed 
in the other two land part rows 3a, 3b defined by the three circumferential grooves, but it is not limited to the illustrated 
embodiment. 

[0100] Further, a plurality of holes 10 separated from the circumferential groove la are formed in the land part 2a, 
whereby a volume of concave portion in a zone ranging from a widthwise center line CI of the land part 2a to the side 
of the tread end T is made larger than a volume of concave portion in a zone ranging from the center line CI to a side 
opposite to the tread end T. 

[0101] According to this, the rigidity in the circumferential direction of the land part 2a is made larger than the rigidity 
in the circumferential direction of the land part 2b, whereby the land part 2 a is subjected to a compression deformation 
in the ground contact face to prolong the ground contact length and the lateral grooves are contracted to make the 
rotating radius small and a force opposite to the forward running direction of the vehicle, i.e. a braking force is applied 
to the shoulder portion of the land part 2a having a large rotating radius, and hence there can be prevented the occur- 
rence of uneven wear. 

[0102] In this case, the term "lateral grooves, which may be formed in the land part 2a" includes a case that the 
lateral grooves are not formed as in the illustrated embodiment, in the latter case, the totaf volume of the lateral grooves 
is naturailly zero. 

[0103] Although the land part 2a is not provided with the lateral grooves in the illustrated embodiment, the lateral 
grooves may be formed in the land part 2a at the number smaller than in the land part 2b under a condition that the 
rigidity in the circumferential direction is large as compared with the land part 2b. 

[0104] in such a case, by reducing the number of the lateral grooves In the land part 2a can be made less the 
geometrically discontinuous portion in the circumferential direction to suppress a heel and toe wear as an non-uniform 

wear in the circumferential direction. 

[01 05] Also, lateral grooves 9a, 9b are formed In the two land part rows 3a, 3b defined by the three circumferential 
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grooves 1a, 1b and 1c at an inside from the land parts 2a, 2b in the widthwise direction, respectively, in which edges 
of these grooves can be effectively contributed to increase of braking force and traction force and also the drainage 
perfomnance In the central region of the tread can be innproved. 

[0106] On the other hand, the hole 10 decreases the shear rigidity of a zone provided with the holes to make the 
5 bearing of this zone on lateral force small and suppress the occurrence of reaction force. Also, even if the zone is 
drawn in the braking direction, the occurrence of reaction force to the braking force can be suppressed to control the 

occurrence of uneven wear. 

[01071 Furthermore, a maximum dept h of the hole 10 is made to not less than 1/3 of a depth of the circumferential 
groove 1a, 1b, 1c, whereby the effect of suppressing the occurrence of uneven wear by the arrangement of the holes 

to 10 can be ensured even if the wearing of the tire progresses. Moreover, if the depths of the circumferential grooves 
la, lb, and 1c are different, the definition of depth of the hole 10 is based on the depth of the circumferential groove 
adjacent thereto (1a in the illustrated embodiment). On the other hand, the upper limit of the maximum depth of the 
hole 1 0 is preferable to be a depth arriving at a radially outside of 1 mm from an outemnost layer of a belt for ensuring 
a rubber gauge between the belt layer and the groove bottom. Incidentally, as to the depths of the circumferential 

15 grooves 1a, 1b and 1c, it is desirable that the circumferential grooves 1a and lb are deepened for improving the 
resistance to hydroplaning during the straight running, while the circumferential groove 1c is deepened for improving' 
the resistance to hydroplaning during the cornering.* 

[0108] Further, the volume of the concave portion is made larger in the zone ranging from the center line Ci of the 
land part 2a at the axially inner side to the side of the tread end than in the zone ranging from the center line Ci to the 
20 side opposite to the tread end, whereby the effect of suppressing the uneven wear can be enhanced in the zone side 
the tread end easily causing the uneven wear. 

[0109] Preferably, the land part 2a at the axially inner side mounted on the vehicle Is divided by a fine-width circum- 
ferential 1 1 into a widthwise outer portion 1 2 and a widthwise inner portion 1 3 in thetread, and a width wof the widthwise 
outer portion 12 is made narrower than a width wO of the widthwise inner portion 13 and is not more than 1/10 of a 
25 tread width W. 

[0110] Thus, the widthwise outer portion 12 in the vicinity of the ground contact end most easily causing the uneven 
wear is separated from the widthwise inner portion 1 3, whereby the growth of wear from the outer portion to the inner 
portion can be suppressed. Also, the width W of the widthwise outer portion 12 Is made nan^ower than the width w of 
the widthwise inner portiion 13 and Is not more than 1/10 of the tread width W, whereby the volume of uneven wear 

30 can be decreased to maintain a good appearance. 

[0111] Preferably, asshown in FIG. 9, at least one curvature center G1 among curvature centers of curves constituting 
a profile S1 of a side face of the widthwise outer portion 1 2 at a section In the widthwise direction of the tire is positioned 
at an outer side of the tire for the profile S1 , while a curvature center C2 of a curve constituting a profile S2 of the 
widthwise inner portion 1 3 Is positioned at an inner side of the tire for the profile S2. 

35 [0112]- Thus, the volume of uneven wear at the widthwise outer portion 12 in the vicinity of the ground contact end 
most easily causing the uneven wear can be more decreased to maintain the good appearance. 
[0113] In this case, it is preferable that as shown in FIG. 9, the width wlO of the fine-width circumferential groove 11 
is gradually widened from the groove bottom toward the side of the tread surface. 

[01 14] Thus, even if foreign matter such as small stones or the like on the road surface are bitten Into the fine-width 
40 circumferential groove 11, the foreign matter easily departs from the groove, whereby there can be prevented the 
occurrence of uneven wear nucleus in the widthwise inner portion 1 3 due to the running at a state of biting the foreign 
matter. 

[01 1 5] Further, the tread construction is preferable that at least a part of the zone having the plural holes 1 0 in the 
widthwise inner portion 13 of the land part 2a at the axially inner side is contacted with ground under an action of a 
45 load corresponding to not less than 70% of a maximum load capacity of the tire. 

[01 1 6] In this case, even if the load is low and the ground contact width becomes narrow in a rear wheel of a front- 
wheel driving car (FF car) as compared with the front wheel, the zone provided with the plural holes 10 is contacted 
with ground, whereby the effect of suppressing the occurrence of uneven wear and the growth thereof can be guaran- 

■ ■ ■ teedr " ■ " ' " 

50 [0117] More preferably, the opening sizes R of the holes 10 is made large in the widthwise inner portion 13 of the 
land part 2a at the axially inner side as they are separated apart from the equatorial plane of the tire. 
[01 1 8] Thus, the effect of suppressing the occurrence of uneven wear and the growth thereof can be made large by 
the formation of the above plural holes 1 0 as the large bearing of lateral force or braking force approaches to the ground 
contact end. Also, when the holes 1 0 are arranged in a zone effective for the suppression of uneven wear and are not 

55 arranged in a portion other than this zone as far as possible, it is possible to well maintain the steering stability and 
the tread durability in the portion other than the above zone. 

[01 1 9] Preferably, a distance Q among mutually plural holes 1 0 in the widthwise inner portion 1 3 of the land part 2a 
at the axially inner side Is made small as they are separated apart from the equatorial plane of the tire. 
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[0120] Even in this case, the effect of suppressing the uneven wear can be made large in the vicinity of the ground 
contact end, and It is possible to maintain good steering stability and tread durability by arranging the plural holes In 
only the zone effective for the suppression of uneven wear. 

[0121] Further, It is preferable that the depth of the hole 1 0 Is made deeper as the hole Is separated apart from the 

5 equatorial plane of the tire. Even In this case, the effect of suppressing the uneven wear can be made large in the 
vicinity of the ground contact end, and it is possible to rnaintain good steering stability and tread durability by arranging 
the plural holes In only the zone effective for the suppression of uneven wear 

[0122] Then, there Is explained a case that a technique of improving Indoor sllentness to the tire maintaining the 
high resistance to hydroplaning on the wet road surface and reducing the noise according to the above procedure in 

10 connection with a wheel to be mounted with the tire. 

[0123] As a factor of obstructing the indoor silentness in the passenger car, there are mentioned a sound directly 
produced from the tire and a solid propagation sound produced by transmitting vibrations of the tire to the interior of 
the vehicle. Among them, the solid propagation sound is roughly divided into a road noise In which the tire Is vibrated 
as a whole by subjecting to a forced input from the irregularity of the road surface and the vibrations are transmitted 

15 through a wheel axle to a vehicle body and then changed into a sound In an interior of the vehicle, and a pattern noise 
in which the tire is vibrated by a geometrical discontinuity of a tread pattern itself in the tire and the vibrations are 
transmitted through the wheel axle to the vehicle body and then changed into a sound In the interior of the vehicle, 
[0124] Among these noises, the Increase of the solid transmission sound has hitherto been considered due to the 
increase of elastic vibration of the tire, in orderto decrease the elastic vibration, various countermeasures are attempted 

20 in the tire itself, but satisfactory results are not necessarily obtained. 

[01 25] For this end, the Inventors have made various studies on the solid transmission sound, and obtained a knowl- 
edge that the vibration characteristics of the wheel Is an Important factor for Increasing the solid transmission sound. 
Also, it becomes clear that the transmission of vibrations from the tire to the vehicle is carried out from the tire tread 
portion through the pair of sidewall portions, pair of bead portions, wheel rim and wheel disc to the wheel axle in this 

25 order and the vibration transmitting characteristics transmitted from each shoulder portion of the tire tread to the wheel 
axle differ and the form thereof does not result from an offset direction of the wheel disc with respect to the wheel rim 
but results from the size and shape of the wheel itself. 

[0126] In the invention, therefore, means for improving the indoor silentness by conducting a reducing countermeas- 
ure of the solid transmission sound considering the vibration transmission characteristics every kind of the wheel is 
30 established as shown in. the items (20)-(26). 

[0127] This means is described in detail with reference to the drawings. 

[0128] That Is, FIG. 1 0 Is a developed view of a tread pattern shown as a front view when the tire assembled on the 
wheel and inflated under an air pressure is mounted on the vehicle. The interior structure of the tire is the same as in 
the general radial tire and the illustration thereof is omitted here. 

35 [0129] In a tread TR are arranged at least three circumferential grooves 1 a, 1b and 1 c continuously extending in the 
circumferential direction, and a total volume of lateral grooves, which may be fomned In the land part 2a located at a 
side mounted on the wheel and having a large transmission ratio (lateral groove is not formed In the illustrated emr 
bodiment) as to the land parts 2a, 2b defined by the circumferential grooves 1a and 1c and a tread end T, per unit 
width in the widthwise direction of the tread over a full circumference of the tread is made smaller than a total volume 

40 of lateral grooves 8 fomned in the land part 2b located at the side of the other tread end. 

[01 30] Moreover, slant grooves 9a, 9b are formed In two land parts 3a, 3b defined by the three circumferential grooves 
la, 1b and 1c, respectively, but it Is not limited to such an Illustrated embodiment. 

[0131] Also, the land part 2a is provided with a fine-width circumferential groove 11 extending continuouisly and 
linearly in the circumferential direction of the tread, in which the land part 2a is divided into two portions through the 

45 fine-width circumferential groove 11 In the widthwise direction of the tread. In this case, an outer portion 12a from the 
fine-width circumferential groove 11 in the widthwise direction of the tread Is rendered into a narrow-width rib, while 
an inner portion 13 from the fine-width circumferential groove 11 in the widthwise direction of the tread is provided with 
plural holes 10 separated apart from the circumferential groove 1a and the fine-width circumferential groove 11 . Fur- 
themiore, sipes 1 4 may be formed in the widthwise inner portion 13 of the tread at equal intervals in the circumferential 

50 direction of the tread. 

[01 32] In this case, the total volume of the lateral grooves In the land part 2a is made smaller than the total volume 
of the lateral grooves 8 in the land part 2b, whereby the lateral grooves as a discontinuous component in the circum- 
ferential direction at the land part 2a having a large vibration transmission characteristic can be made less and the 
occurrence of pattern noise produced in the contacting of the lateral groove with ground can be prevented. 
55 [0133] In this case, the term "lateral grooves, which may be formed in the land part 2a" includes a case that the 
lateral grooves are not formed as in the illustrated embodiment. In the latter case, the total volume of the lateral grooves 
is naturally zero. 

[0134] By arranging the fine-width circumferential groove 11 and the plural holes 10 on the land part 2a is lowered 
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the compression rigidity of the land part 2a, whereby the input from the irregularity of the road surface to the tire is 
decreased to suppress vibrations transmitted to the wheel axle and hence the road noise transmitted to the vehicle 
interior can be reduced. In this case, the fine-width circumferential groove 11 and the plural holes 10 do not form the 
discontinuous portion with respect to the circumferential direction of the tread different from the lateral groove, so that 
5 the occurrence of the pattern noise can be also suppressed; 

[0135] On the other hand, by arranging lateral grooves 8 in the land part 2b can be ensured the groove volume as 
a whole of the tread pattern and hence the wet drainage performance can be ensured. 

[0136] Furthermore, when sipes 1 4 are formed in the widthwise inner portion 1 3 of..the tread in, adciition to the plural 
holes 10, the compression rigidity of the widthwise inner portion 13 of the tread can be further lowered, whereby the 
io road noise can be further reduced. 

[01 37] Preferably, as seen from FIG. 9, the width w1 0 of the fine-width circumferential groove 1 1 is gradually widened 

from the groove bottom toward the side of the tread surface. 

[0138] Thus, even if foreign matters such as small stones and the like are bitten in the fine-width circumferential 
groove 11 , the foreign matter is easily taken out from the groove, whereby there can be prevented the occurrence of 
15 nucleus for uneven wear In the widthwise inner portion 1 3 of the tread due to the running at a state of biting the foreign 

matter. 

[0139] More preferably, as shown in FIG. 10, an opening size R of each of the holes 10 formed in the widthwise inner 
portion 13 of the tread is made larger apart from the equatorial plane O of the tire. and a distance Q between mutual 
holes 10 is made smaller apart from the equatorial plane O of the tire, and a depth of the holes 10 is made deeper 

20 apart from the equatorial plane O of the tire. 

[0140] Thus, the compression rigidity of the widthwise inner portion 13 of the tread provided with the plural holes 10 
in the radial direction of the tire can be lowered toward the ground contact end at a side of a portion of the wheel 
mounted having a large transmission ratio. More effectively, the input from the irregularity of the road surface to the 
tire can be decreased to control vibrations transmitted to the wheel axle and reduce the road noise transmitted to the 

25 vehicle Interior. Also, the holes are arranged in a zone effective for the reduction of the road noise but are not arranged 
in a portion of the tread other than the above zone as far as possible, whereby it is made possible to well keep the 
steering stability and tread durability in such a portion. 

[0141] As shown in FIG. 10, it is preferable that at least a part of a zone including the plural holes 10 arranged in 
the widthwise inner portion 13 of the tread at a widthwise inside of a ground contact width W70 of the tread under an 

30 action of a load corresponding to not less than 70% of a maximum load capacity of the tire contacts with ground. 

[0142] According to this construction, even if the load in the rear wheel becomes small as compared with the front 
wheel and the ground contact width of the tread becomes small as in the rear wheel during the braking of, for example, 
a front-wheel driving car (FF car), at least a part of the zone having the holes 1 0 arranged in the widthwise inner portion 
13 of the tread can be surely contacted with ground to guarantee the effect of reducing the road noise. 

35 [0143] More preferably, as shown in FIG. 9, at least one curvature center CI among curvature centers of a curve 
constituting a profile SI of a side face of the widthwise outer portion 12 is located at an outside of the profile SI in a 
section in the widthwise direction of the tire, while a curvature center C2 of a curve constituting a profile S2 of the 
widthwise inner portion is located at an inside of the profile 82. 

[0144] Thus, the volume of uneven wear in the widthwise outer portion 12 can be decreased to well maintain the 

40 appearance. 

[0145] FIG, 11 is a view schematically illustrating a method of measuring vibration transmitting characteristics of a 
wheel according to the invention. By conducting such a measurement can be easily and surely specified a land part 
located at a side having a large transmission ratio in the mounting on the wheel. 

[0146] Awheel 1 6 mounted with a tire 15 having a widthwise sectional shape symmetrical with respect to an equatorial 
45 plane of the tire is attached to an axle member 18 provided with a road cell 17, and vibrations are applied to each of 
shoulder portions 19, 20 of the tire tread at different frequencies, and an input F3 to the axle member is measured as 
these vibration forces are made as inputs F1 and F2, and then transmission ratios a1-and a2 by dividing F3 by F1 , F2 
are determined every each frequency and each of these transmission ratios a1 , a2 is averaged to hieasure an average 
value of the transrrilssiori ratios (ix1, a2 to Judge whether either average value of these trahshiisision ratios Is large. 
50 [0147] Thus, a side having large vibration transmission characteristics in the wheel can be specified by accurately 
judging either of the shoulder portions 19, 20 of the tire tread at a given frequency zone Is large in the contribution to 
the input to the axle member 1 8, and it is possible to effectively locate various countermeasures at tire side for sup- 
pressing solid propagation sound to the wheel. 

[0148] More preferably, the given frequency zone is nriade 300-1 000 Hz. 
55 [0149] In this case, the side having a large transmission ratio to the wheel can be specified more accurately. 

[0150] It is preferable that at a state that the aforementioned tire is assembled onto an approved rim and inflated 
under a normal air pressure and loaded under a mass corresponding to the maximum load capacity, the effective 

ground contact area at either axially inner side or axlally outer side mounted on the vehicle is made larger than that.of 



12 

viSDOClD:<EP 15413aOA1J_> 



EP 1 541 380 A1 



the other side, and also at a posture inflated under the nornnal air pressure, the radial distance fronn a tangential line 
on the outer surface of the tread perpendicular to the equatorial plane of the tire is made larger at the side having a 
small effective ground contact area than at the other side in view of the control of conicity force, which is easily caused 
in a tire having a asymmetrical pattem. In this case, it is more preferable that a relation between a ratio of large and 
small of the effective ground contact area (S-large/S-small) and a ratio of large and small of the radial distance (H- 
large/H-small) is (S-large/S-small) = A x (H-large/H-small) in which A is 1 .0-1 .4. 

[0151] That is, in the cornering of the vehicle, it is widely conducted to enhance the corniering force by making a 
rigidity of a land part located at the axially outer side of the tread in the tire existing at the outside of the cornering, in 
which the load becomes large and the ground contact area Increases, larger than that at the axially inner side. As a 
concrete construction, therefore, it is general that the negative ratio at the axially outer side is made small to enhance 
the rigidity of the land part, while the negative ratio at the axially Inner side is made large to ensure the drainage property. 
[01 52] In ca^e of adopting a so-called asymmetrical tread pattem having the above construction, however, since the 
ground contact area at the axially outer side is larger than that at the axially inner side, even if the vehicle is run 
straightforward, the widthwise shearing force of the ground contact face of the tread from the road surface in the ground 
contact face of the tire is considerably different between the axially inner side and the axially outer side, and such a 
difference is a cause of generating the conicity force as In the application of camber angle to the tire, and hence lateral 
force directing toward a direction of the axially outer side Is generated in the tire. 

[0153] As a result of various examinations on such a conicity force, there is obtained a knowledge that the widthwise 
shearing force generated in the ground contact zone of the tread becomes largest in the tread shoulder portion and 
such a shearing force becomes larger as the distance of the ground contact zone of the tread separated from the 
equatorial plane of the tire becomes large and Is vary sensitive to the separating distance. 

[0154] In the asymmetrical tread pattern in which the effective ground contact area in either axially inner side or 
axially outer side is larger than that at the axially outer side, therefore, the radial distance from the outer surface of the 
tread perpendicular to the equatorial plane of the tire to each ground contact end is made larger at the side having a 
small effective ground contact area than at the other side, whereby the widthwise shearing force generated in the tread 
shoulder portion located at a side haying a large radial distance Is contributed to offset the conicity force generated at 
the side having a large effective ground contact area, and particularly the steering stability at a small steering angle is 
improved. 

[0155] In this case, it is preferable that a relation between a ratio of large and small of the effective ground contact 
area (S-large/S-small) and a ratio of large and small of the radial distance (H-large/H-small) is made (S-large/S-small) 
= A x (H-large/H-small) in which A is 1 .0-1 .4 for more effectively offsetting the conicity force. 

[0156] When A Is less than 1 .0, the conicity force in an opposite direction Is easily generated, while when it exceeds 
1 .4, the effect of offsetting the conicity force becomes smaller. 

[0157] The method of suppressing the conicity force is explained concretely with reference to the drawing. 
[0158] For example, as the ground contact face of the tread is schematically shown in FIG. 12(a) by making the 
negative ratios at the axially Inner side and the axially outer side In tjie ground contact face of the tread different from 
each other, under a state that the tire Is assembled on an approved rim and Inflated under a normal air pressure and 
loaded under a mass corresponding to the maximum load capacity, when the effective ground contact area at the 
axially outer side S^u^ shown by oblique lines in the figure is made larger than the effective ground contact area at the 
axially inner side Sj„, in order to suppress the occurrence of conicity force directing to the direction of the axially outer 
side, it is effective that as schematically shown by a section in the widthwise direction of the tire at a state of Inflating 
under the normal air pressure In FIG. 12(b), the tire Is constructed, for example, by selecting a shape of an Inner surface 
of a vulcanization mold or the like so that radial distances Hjn, ^out ^^^^ ^ tangential line L on the outer surface of the 
tire perpendicular to the equatorial plane O of the tire to ground contact edges of the tread El, EO is made larger at 
the axially inner side having a small effective ground contact area (Hjn>Hout). 

[0159] In this case, It is more preferable that when the large effective ground contact area is S-large, the small 
effective ground contact area Is S-small, the radial distance at the side having a large effective ground contact area is 
H{S-large side) and the radial distance at the side having a small effective ground contact area is H(S-small side), the 
following relationship is satisfied: 

S-large/S-small = A X (H(s.sn,all side/^(S-large side)) 

in which A is 1 .0-1 .4. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0160] 



s FIG. 1 is a view showing a difference in drainage capacity based on aground contact fomn; 

FIG. 2 IS a view showing a distribution of a sensitivity on a columnar resonance sound In a widthwise direction of 

a tread; 

FIG. 3 is a view showing a tread pattern according to the invention; 
FIG. 4 is a view illustrating a mounting manner of a tire according to the invention; 
10 FIG. 5 is a view showing a tread pattern according to the invention; 

FIG. 6 is a view showing a structure of a fine groove; 
FIG. 7 is a view showing another tread pattern according to the invention; 

FIG. 8 is a developed view of a tread pattern showing an embodiment of the invention by a front view of the tire 

at a posture of mounting on a vehicle; 
t5 FIG. 9 is a widthwise sectional view showing a part of the tread pattern according to the invention; 

FIG. 1 0 is a developed view of a tread pattern showing an embodiment of the Invention by a front view of a posture 

when the tire mounted on a wheel and inflated under an air pressure is mounted on a vehicle; 

FIG. 11 is a view schematically showing a method of measuring vibration transmission characteristics of a wheel 

according to the invention; 
20 FIG. 12 is a view showing a construction of a tire for suppressing conicity force; 

FIG. 13 is a view showing various tread patterns used in examples; 

FIG. 14 is a view showing various tread patterns used in examples; 

FIG. 1 5 is a view showing various tread patterns used in examples; 

FIG. 16 is a view showing a tread pattern for comparison; 
25 FIG. 17 is a developed view of a tread pattern showing the other embodiment of the invention by a front view of 

the tire at a posture of mounting on a vehicle; 

FIG. 18 is a developed view of a tread pattern showing an embodiment of the comparative tire by a front view of 
. the tire at a posture of mounting on a vehicle; 
FIG. 1 9 is a developed view of a tread pattern showing another embodiment of the comparative tire by a front view 
30 of the tire at a posture of mounting on a vehicle; 

FIG. 20 is a developed view of a tread pattern showing the other embodiment of the comparative tire by a front 
view of the tire at a posture of mounting on a vehicle; 

FIG. 21 Is a developed view of a tread pattern showing a further embodiment of the comparative tire by a front 
view of the tire at a posture of mounting on a vehicle; 
35 FIG. 22 is a developed view of a tread pattern showing a still further embodiment of the comparative lire by a front 

view of the tire at a posture of mounting on a vehicle; 

FIG. 23 is a developed view of a tread pattern showing an embodiment of the comparative tire by a front view of 
a posture when the tire mounted on a wheel and inflated under an air pressure is mounted on a vehicle; 
FIG. 24 is a developed view of a tread pattern showing another embodiment of the comparative tire by a front view 
40 of a posture when the tire mounted on a wheel and inflated under an air pressure is mounted on a vehicle; 

FIG. 25 is a view schematically showing a sectional form of a wheel; and 
FIG. 26 is a developed view of a tread pattern in Comparative Example 12. 



BEST MODE FOR CARRYING OUT THE INVENTION 



(Example 1) 



[0161] Radial tires having tread patterns shown in FIGS. 13-15 and tire sizes of 205/65 R15 in FIG. 13,205/55 R16 
in FIG. 14 and 225/55 R16 in FIG. 15 are prepared according to the follov^ing various speci^^ 
50 structions other than circumferential groove(s), i.e. land parts defined between mutual circumferential grooves and 
between circumferential groove and tread end and lateral grooves and s^ant grooves arranged in the land parts and 
extending across an equatorial plane of the tire are the same as a basic specification. Also, a ground contact form 
shown by a heavy line in each figure is a case that a camber angle is applied to a front wheel of the vehicle. 

55 
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Example 1-1 

(A) Conventional Example 1-1: FIG. 13(a) 

[0162] There are three circumferentiai grooves 1a-1c, in which the circunnferential groove 1b is arranged on the 
equatorial plane O of the tire and the circumferential grooves la, 1c are arranged at positions each separated apart 
from both sides thereof at an equal distance. All of these circumferentiai grooves have a rectangular section of 8 mm 
in groove width and 8 mm in depth. 

(B) Conventional Example 1-2: FIG. 13(b) 

[0163] When Conventional Example. 1-2 is compared with Conventional Example 1-1, all of the circumferential 
grooves are located at a position shifting by 5 mm toward an axially inner side. The groove width and depth are the 
same as in Conventional Example 1-1 . 

(C) Invention Example 1-1: FIG. 13(c) 

[01 64] Invention Example 1 -1 has a rectangular section in which a center position of each circumferential groove is 

the same as in Conventional Example 1-2, but the groove width is circumferential groove la: 8.0 mm, circumferential 
groove lb: 9.6 mm and circumferentiai groove 1c: 6.4 mm from the axially inner side and the groove depth is 8 mm. 

(D) Invention Example 1-2: FIG. 13(c) 

[0165] Invention Example 1-2 has a rectangular section in which a center position of each circumferential groove is 
the same as in Conventional Example 1 -2, but the groove width is circumferential groove 1 a: 8.8 mm, circumferential 
groove 1 b: 9.6 mm and circumferential groove 1c: 6.6 mm from the axially inner side and the groove depth is 8 mm. 

(E) Invention Example 1-3: FIG. 13(c) 

[0166] Invention Example 1 -3 has a rectangular section in which a center position of each circumferential groove is 
the same as in Conventional Example 1-2, but the groove width is circumferential groove 1a: 7.2 mm, circumferential 
groove lb: 9.6 mm and circumferential groove 1c: 7.2 mm from the axially Inner side and the groove depth is 8 mm. 

(F) Comparative Example 1-1: FIG. 13(c) 

[01 67] Comparative Example 1 -1 has a rectangular section in which a center position of each circumferentiai groove 
is the same as in Conventional Example 1 -2, but the groove width is circumferentiai groove 1 a: 8.0 mm, circumferential 
groove lb: 8.8 mm and circumferential groove 1c: 7.2 mm from the axially inner side and the groove depth is 8 mm. 

(G) Comparative Example 1-2: FIG. 13(c) 

[01 68] Comparative Example 1 -2 has a rectangular section in which a center position of each circumferential groove 
is the same as in Conventional Example 1 -2. but the groove width is circumferentiai groove 1 a: 9.2 mm, circumferential 
groove lb: 9.6 mm and circumferential groove 1c: 5.2 mm from the axially inner side and the groove depth is 8 mm. 

(H) Comparative Example 1-3: FIG. 13(c) 

[01 69] Comparative Example 1 -3 has a rectangular section in which a center position of each circumferential groove 
Is the same as in Conventional Example 1 -2, but the groove width is circumferential groove 1 a: 6.8 mm, circumferential 
groove 1 b: 9.6 mm and circumferential groove 1 c: 7.6 mm from the axially Inner side and the groove depth is 8 mm. 

(I) Invention Example 1-4: FIG. 13(c) 

[0170] Invention Example 1-4 ha a rectangular section In which a center position of each circumferential groove is 
the same as In Conventional Example 1-2, but the groove width is circumferential groove 1a: 7.2 mm, circumferential 
groove 1 b: 11 .6 mm and circumferential groove 1c: 5.2 mm from the axially inner side and the groove depth is 8 mm. 
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(J) Comparative Example 1-4: FIG. 13(c) 

[0171] Comparative Example 1-4 has a rectangular section In which a center position of each circumferential groove 
is the same as in Conventional Example 1 -2, but the groove width is circumferential groove 1 a: 7.2 mm, circumferential 
groove 1 b: 12.6 mm and circumferential groove 1c: 4.8 mm from the axially inner side and the groove depth is 8 mm. 
[0172] Moreover, an average groove width in the tread pattern of FIG. 13 is 8 mm. 

[0173] Each of the above tires is assembled on a rim of 6J-15 and mounted on a passenger car after an Internal 
pressure is adjusted to 220 kPa. At a state of riding two crewmen, a camber to ground Is -0.4° in a front wheel and 
-0.8** in a rear wheel. An acceleration test of the vehicle from a speed of 60 km/h in a pool having a water depth of 6 
mm is carried out to evaluate a speed of causing the hydroplaning by a test driver. The evaluation results are repre- 
sented by an index of hydroplaning speed, in which the larger the index value, the better the result. 
[0174] Also, a braking test is carried out on a wet road surface having a water depth of 2 mm from a speed of 100 
km/h to evaluate the hydroplaning in the braking. The evaluation result is represented by an index, in which the larger 
the index value, the better the result. Further, a noise is measured around a driver's ear in the running at a speed of 
60 km/h on a smooth road surface, In which the larger the index value, the better the result. 
[0175] These evaluation results are shown in Table 1 . 



Table 1 





Index of hydroplaning speed 


Index of hydroplaning in braking 


Index of noise 


Conventional Example 1-1 


100 


100 


100 


Conventional Example 1-2 


95 


102 


102 


Invention Example 1-1 


105 


105 


105 


Invention Example 1-2 


102 


108 


108 


Invention Example 1-3 


108 


103 


102 


Comparative Example 1 -1 


97 


103 


103 


Comparative Example 1 -2 


99 


108 




Comparative. Example 1-3 


103 


98 


98 


Invention Example 1-4 


102 


102 


103 


Comparative Example 1 -4 


99 


99 


102 



[0176] As shown in Table 1 , it can not be denied that Comparative Example 1-1 is lacking in the resistance to hy- 
droplaning though the width of the center circumferential groove is +1 0% of the average groove width. In Comparative 
Example 1-2, the resistance.to hydroplaning in the braking is good as compared with Invention Example 1-2 because 
the circumferential groove at the axially inner side is 115% of the average groove width, but the index of hydroplaning 
speed is deteriorated because the width of the circumferential groove at the axially outer side becomes too small. In 
Comparative Example 1-3, the width of the circumferential groove at the axially outer side is -5% of the average groove 
width, and such a wide groove width at the axially outer side is disadvantageous in the noise, while the width of the 
circumferential groove at the axially inner side is narrow and the resistance to hydroplaning in the braking is poor, in 
Comparative Example 1-4, the circumferential groove at the axially inner side is +50% of the average groove width, 
and hence the groove at the axially outer side is too narrow and the resistance to hydroplaning is deteriorated. 

Example 1-2 

(A) Conventional Example 1-3: FIG. 14(a) 

[0177] There are four circumferential grooves 1a-1d, in which circumferential grooves lb and 1c are arranged at 
both sides of a rib 2 disposed at its width center on the equatorial plane O of the tire and having a width of 20 mm, and 
circumferentiargrooves 1 a and 1 d are arranged at outsides of land parts 3a, 3b disposed at the outside of the groove 
and having a width of 20 mm. All of these circumferential grooves have a rectangular section of 8 mm in groove width 
and 8 mm in depth. 
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(B) Conventional Exanriple 1-4: FIG. 14(b) 

[0178] When Conventional Example 1-4 Is compared with Conventional Example 1-3, all of the circumferential 
grooves are located at a position shifting by 6 mm toward an axlally inner side. The circumferential groove 1 b Is existent 
at a position of a maximum ground contact length when the tire is mounted on a vehicle at a negative camber of -0.5°. 
The groove width and depth are the same as in Conventional Example 1 -3. 

(C) Invention Example 1-5: FIG. 14(c) 

[0179] Invention Example 1-5 has a rectangular section in which a center position of each circumferential groove is 
the same as in Conventional Example 1-4, but the groove width is circumferential groove la: 8.0 mm, circumferential 
groove lb: 9.6 mm, circumferential groove 1c: 7.2 mm and circumferential groove Id: 7.2 mm from the axlally inner 
side and the groove depth Is 8 mm. 

(D) Invention Example 1-6: FIG. 14(c) 

[0180] Invention Example 1-6 has a rectangular section in which a center position of each circumferential groove is 
the same as In Conventional Example 1-4, but the groove width is circumferential groove la: 8.8 mm, circumferential 
groove lb: 9.6 mm, circumferential groove 1c: 6.8 mm and circumferential groove Id: 6.8 mm from the axlally inner 
side and the groove depth is 8 mm. 

(E) Comparative Example 1-5: FIG. 14(c) 

[0181] Comparative Example 1 -5 has a rectangular section in which a center position of each circumferential groove 
is the same as in Conventional Example 1 -4. but the groove width is circumferential groove 1 a: 8.8 mm, circumferential 
groove lb: 8.8 mm, circumferential groove 1c: 7.2 mm and circumferential groove Id: 7.2 mm from the axlally inner 
side and the groove depth is 8 mm. 

(F) Comparative Example 1-6: FIG..14(c) 

[01 82] Comparative Example 1 -6 has a rectangular section in which a center position of each circumferential groove 
is the same as in Conventional Example 1 -4, but the groove width is circumferential groove 1 a: 9.2 mm, circumferential 
groove lb: 9.6 mm, circumferential groove 1c: 6.6 mm and circumferential groove Id: 6.6 mm from the axlally inner 
side and the groove depth is 8 mm. 

(G) Comparative Example 1-7: FIG. 14(c) 



[0183] Comparative Example 1 -7 has a rectangular section in which a center position of each circumferential groove 
is the same as in Conventional Example 1 -4, but the groove width is circumferential groove 1 a: 7.2 mm, circumferential 
groove lb: 9.6 mm, circumferential groove 1c: 7.6 mm and circumferential groove Id: 7.6 mm from the axially inner 
side and the groove depth is 8 mm. 

[0184] Moreover, the average groove width In the tread pattern of FIG. 14 is 8 mm. 

[0185] Each of the above tires is assembled on a rim of 6.5J-1 6 and mounted on a passenger car after an internal 
pressure is adjusted to 220 kPa. At a state of riding two crewmen, a camber to ground is -0.5° in a front wheel and 
'0,8° in a rear wheel. An acceleration test of the vehicle from a speed of 50 km/h in a pool having a water depth of 6 
mm is carried out to evaluate a speed of causing the hydroplaning by a test driver. The evaluation results are repre- 
sented by an Index of hydroplaning speed, in which the larger the index value, the better the result. 
[0186] Also, a braking test is carried out on a wet road surface having a water depth of 2 mm from a speed of 100 
km/h to evaluate the hydroplaning in the braking. The evaluation result is represented by an index, in which the larger 
the index value, the better the result. Further, a noise is measured around a driver's ear in the running at a speed of 
60 km/h on a smooth road surface, in which the larger the index value, the better the result. 
[0187] These evaluation results are shown in Table 2. 



Table 2 





Index of hydroplaning speed 


Index of hydroplaning in braking 


Index of noise 


Conventional Example 1 -3 


100 


100 


100 
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Table 2 (continued) 





InH^y Af h\/Hmnlflninn qda^H 


Index of hvdroDianino in brakina 


Index of noise 


Conventional Example 1 -4 


102 


102 


102 


Invention Example 1-5 


108 


106 


106 


Invention Example 1-6 


• 110 


108 


108 


Comparative Example 1-5 


101 


103 


107 


Comparative Example 1 -6 


100 


109 


102 


Comparative Example 1-7 


103' 


98 


97 



10 



15 



20 



25 



30 



[0188] As shown In Table 2, Comparative Example 1-5 is lacking in the resistance to hydroplaning as compared with 
Conventional Example 1 -4 -though the width of the center circumferential groove is +1 0% of the average groove width. 
In Comparative Example 1-6, the resistance to hydroplaning in the braking is good as compared with invention Example 
1 -6 because the circumferential groove at the axially inner side is 11 5% of the average groove width , but the index of 
hydroplaning speed is deteriorated because the width of the circumferential groove at the axially outer side becomes 
too small. In Comparative Example 1-7, the width of the circumferential groove at the axially outer side is -5% of the 
average groove width, and such a wide groove width at the axially outer side is disadvantageous in the noise, while 
the width of the circumferential groove at the axially inner side is narrow and the resistance to hydroplaning in the 
braking Is poor. 

Example 1-3 

(A) Conventional Example 1-5: FIG. 15(a) 

[0189] There are four circumferential grooves 1a-1d, in which circumferential grooves lb band 1c are arranged at 
both sides of a rib 2 disposed at its width center on the equatorial plane O of the tire and having a width of 20 mm, and 
circumferential grooves la and Id are arranged at outsides of land parts 3a, 3b disposed at the outside of the groove 
and having a width of 20 mm. All of these circumferential grooves have a rectangular section of 8 nnm in groove width 
and 8 mm in depth. 



35 



40 



45 



50 



(B) Conventional Example 1-6: FIG. 15(b) 

[0190] When Conventional Example 1-6 Is compared with Conventional Example 1-5, ait of the circumferential 
grooves are located at a position shifting by 6 mm toward an axially inner side. The circumferential groove 1 b is existent 
at a position of a maximum ground contact length when the tire is mounted on a vehicle at a negative camber of -0.5°. 
The groove width and depth are the same as in Conventional Example 1-5. 

(C) invention Example 1-7: FIG. 15(c) 

[01 91] Invention Example 1 -7 has a rectangular section in which a center position of each circumferential groove is 
the same as in Conventional Example 1-6, but the groove width is circumferential groove la: 8.0 mm, circumferential 
groove lb: 10.4 mm, circumferential groove 1c: 6.8 mm and circumferential groove Id: 6.8 him from the axially inner 
side and the groove depth is 8 mm. 

(D) Invention Example 1-8: FIG. 15(c) 



[0192] Invention Example 1 -8 has a rectangular section In which a center position of each circumferential groove is 
the same as in Conventional Example 1-6, but the groove width is circumferential groove l a: 8.0 mm, circumferential 
groove 1b: 12.4 mm, circumferential groove 1c: 5.8 mm and circumferential groove Id: 5.8 mm from the axially inner 
side and the groove depth is 8 mm. 



55 



(E) Comparative Example 1-8: FIG. 15(c) 

[01 93] Comparative Example 1 -8 has a rectangular section In which a center position of each circumferential groove 
is the same as in Conventional Example 1 -6, but the groove width is circumferential groove 1 a: 8.8 mm, circumferential 
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groove 1b: 13.2 mm, circumferential groove 1c: 5.4 mm and circurnferentlal groove Id: 5.4 mm from the axially inner 
side and the groove depth is 8 mm. 

[0194] Moreover, the average groove width in the tread pattern of FIG. 15 Is 8 mm. 

[0195] Each of the above tires Is assembled on a rim of 7.5J-16 and mounted on a passenger car after an Internal 
pressure is adjusted to 210 kPa. At a state of riding two crewmen, a camber to ground is -0.3° In a front wheel and 
-0.5° in a rear wheel. An acceleration test of the vehicle from a speed of 50 km/h in a pool having a water depth of 6 
mm is carried out to evaluate a speed of causing the hydroplaning by a test driver. The evaluation results are repre- 
sented by an index of hydroplaning speed, in which the larger the index value, the better the result. 
[0196] Also, a braking test is carried out on a wet road surface having a water depth of 2 mm from a speed of 100 
km/h to evaluate the hydroplaning in the braking. The evaluation result is represented by an index, in which the larger 
the index value, the better the result. Further, a noise is measured around a driver's ear in the running at a speed of 
60 km/h on a smooth road surface, in which the larger the index value, the better the result. 
[0197] These evaluation results are shown In Table 3. 



Table 3 





Index of hydroplaning speed 


Index of hydroplaning in braking 


Index of noise 


Conventional Example 1 -5 


100 


100 


100 


Conventional Example 1-6 


100 


102 


102 


Invention Example 1-7 


108 


106 


106 


Invention Example 1-8 


102 


103 


107 


Comparative Example 1 -8 


98' 


99 


108 



[0198] As shown in Table 3, Comparative Example 1 -8 is lacking in the resistance to hydroplaning as compared with 
Conventional Example 1 -6 though the width of the center circumferential groove is +65% of the average groove width 
but the width of the circumferential groove at the axially outer side becomes too small. 



(Example 2) 
Example 2-1 

[0199] There is prepared a radial tire for passenger car having a tread pattern shown in FIG. 5 and a tire size of 
205/65R1 5. In the tread pattern shown in FIG. 5, the depth of all of four circumferential groove is 8 mm, and the width 
is 8 mm In the circumferential grooves 1 a and 1 d, 9.6 mm in the circumferential groove 1 b at a side of increasing the 
ground contact length by the application of a negative camber angle (corresponding to an axially inner side) and 6.4 
mm in the circumferential groove 1c at a side of decreasing the ground contact length (corresponding to an axially 
outer side). Also, an offset amount of a land part center S with respect to the equatorial plane O of the tire Is 5 mm, 
and the ground contact form shown by a heavy line is a case of applying a negative canriber angle of 0.5**. 
[0200] Further, fine grooves 6 are inclined at 15° with respect to a widthwise direction of the tire. As shown in FIG. 
6, the fine groove 6 is cut into a rib-shaped land part 4 having a width of 1 8 mm over a full width thereof at a depth of 
10 mm In a radial direction of the. tire and at an inclination angle of ±22.5° with respect to the radial direction of the 
tire. Also, an opening width of the fine groove 6 is 0.4 mm, and a distance between mutual fine grooves 6 is 30 mm. 

Example 2-1 

[0201] There is prepared a radial tire for passenger car having a tread pattern shown in FIG. 7 and a tire size of 
205/65R1 5. The tread pattern shown in FIG. 7 is the same as in FIG. 5 except that dimples 7 each having a major axis 
inclined at 15° with respect to the widthwise direction of the tire are arranged in the rib-shaped land part 4 instead of 
the fine groove 6. Moreover, the dimple 7 has a major axis of 1 3 mm and minor axis of 3 mm, and a distance between 
mutual dimples 7 is 30 mm. 

Comparative Example 2-1 

[0202] FIG. 1 6 is a tread pattem for the comparison, and a basic pattern thereof is the same as in Invention Example 
2-1 , but is different in points that the fine groove 6 is not arranged in the rib-shaped land part 4 and that the widthwise 
center of the rib-shaped land part 4 is located on the equatorial plane O of the tire. Moreover, the depth of the circum- 
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f erential grooves is 8 mm, and the width is 8 mm in the circumferential grooves 1 a and 1 d, and 7 mm in the circumfer- 
ential grooves 1 b and 1 c. 

[0203] Each of the above tires is assembled onto a standard rim and an internal pressure thereof is adjusted to 220 
IcPa, and thereafter the resistance to hydroplaning and steering stability are evaluated by feeling in the straight running 
on a test circuit course, while the worn amount of a tread central portion is evaluated by running the vehicle over 20000 
km as regards a center wear. The results are shown in Table 4 by an index on the basis that Comparative Example 
2-1 is 100, In which the larger the index value, the better the result. 



Table 4 





Steering stability 


Resistance to hydroplaning 


Center wear 


Invention Example 2-1 


105 


108 


102 


Invention Example 2-2 


102 


108 


101 


Comparative Example 2-1 


100 


100 


100 



(Example 3) 

[0204] For the purpose of evaluating the performance of suppressing uneven wear in a pneumatic tire according to 
an embodiment of the invention, there are provided two kinds of invention tires and five kinds of comparative tires each 
having a tire size of 205/65 R15. Each of these tires is assembled on a rim of 6Jx15 as a designation and inflated 
under an air pressure of 220 kPa and mounted on a test vehicle and run over 30000 km, and thereafter the wearing 
of the tread portion at an axially inner side is measured to evaluate the performance of suppressing the uneven wear. 
The results are shown in Table 5. 

[0205] In a tread pattern of Invention Example 3-1 , as shown in FIG. 8, at least two circumferential grooves, three 
circumferential grooves 1a, 1b, 1c in the illustrated embodiment (width la: 8.0 mm, 1b: 9.6 mm and 1c: 6.4 mm) 
extending continuously in a circumferential direction are arranged in a tread TR, and as to land parts. 2a, 2b defined 
by these circumferential grooves la, 1c and tread ends T, the land part 2a located at an axially inner side Is shaped 
in a rib and the land part 2b located at an axially outer side is provided with lateral grooves 8 to fomn a land part row 
of blocks, and a total volume of lateral grooves between both the land parts is made small in the land part 2a to make 
a rigidity of land part in the circumferential direction larger in the land part 2a than in the land part 2b. Also, lateral 
grooves 9a and 9b are arranged in the other two land parts 3a and3b defined among the three circumferential grooves, 
respectively. Furthermore, the land part 2a is provided with a plurality of holes 1 0 separated apart from the circumfer- 
ential groove la, whereby a volume of concave portion in a zone ranging from a center line Ci of the land part 2a to a 
side of the tread end T is made iargerthan a volume of concave portion in a zone ranging from the center line Ci toward 
a side opposite to the tread end. in addition, the land part 2a located at the axially inner side in the mounting on the 
vehicle is divided by a fine-width circumferential groove 11 into a widthwise outer portion 12 and a widthwise inner 
portion 13, and a width (10 mm) of the widthwise outer portion 12 is made nan-ower than a width (20 mm) of the 
widthwise inner portion 13 and is not more.than 1/10 of a tread width. 

[0206] In the fine-width circumferential groove 11 , a depth is 5.0 mm, and a width at groove bottom Is 1 .5 mm and 
a width at the tread surface is 2.6 mm. Also, a width of the widthwise outer portion 12 is 2 mm, and a width of the 
widthwise inner portion 13 is 18 mm. 

[0207] In the land part 12a at the axially inner side are an^anged a plurality of holes 10 separated apart from the 
circumferential groove la and the fine-width circumferential groove 11. These holes 10 consists of two hole rows, in 
which widthwise outer holes have a diameter of 2.5 mm, a depth of 6 mm and a distance between centers of 7.5 mm, 
and the widthwise inner holes have a diameter of 1 .5 mm, a depth of 6 mm and a distance between centers of 7.5 mm. 
[0208] A tread pattern of Invention Example 3-2 is standardized on Invention Example 3-1 as shown in FIG. 17, in 
which a hole row having a diameter of 2.5 mm, a depth of 6 mm and a distance between centers of 7.5 mm is arranged 
without forming the fine-width circumferential groove. 

[0209] In a tread pattem of Comparative Example 3-1 , as shown In FIG. 1 8, lateral grooves are not arranged on a 
land part located in a side of the tread end at the axially outer side, and lateral grooves are arran;ged on a land part 
located in a side of the tread end at the axially Inner side. 

[0210] In a tread pattern of Comparative Example 3-2, as shown in FIG. 19, the tread pattem shown in Invention 
Example 3-1 is opposite between the axially outer side and the axially inner side. 

[0211] A tread pattern of Comparative Example 3-3 is standardized on Invention Example 3-1 as shown in FIG. 20, 
in which the width of the widthwise outer portion 1 2 is 1 4 mm and the width of the widthwise inner portion 1 3 is 6 mm, 
and a hole row having a diameter of 2.5 mm, a depth of 6 mm and a distance between centers of 7.6 mm is arranged 
in the widthwise inner portion 13. 
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[0212] A tread pattern of Comparative Example 3-4 is standardized on Invention Example 3-1 as shown In FIG. 21 , 
In which the fine-width circumferential groove is not arranged, and a hole row. having a diameter of 3.0 mm, a depth 
of 6 mm and a distance between centers of 7.5 mm, and a hole row having a diameter of 2.0 mm, a depth of 6 mm 
and a distance between centers of 7.5 mm, and a hole row having a diameter of 1 .0 mm, a depth of 6 mm and a 
distance between centers of 7.5 mm are arranged from a widthwise inner side in this order. 

[0213] A tread pattern of Comparative Example 3-5 is standardized on Invention Example 3-1 as shown in FIG. 22, 
in which the holes are not formed. 

[0214] The performance is evaluated by measuring a difference between worn amount of the land part at the axialiy 
inner side and worn amount of the land part at the axialiy outer side and represented by an index on the basis that the 
measured result of Comparative Example 3-1 is ICQ, in which the smaller the index value, the better the result. 



Table 5 





Index of evaluation of resistance to uneven wear 


Invention Example 3-1 


72 


Invention Example 3-2 


85 


Comparative Example 3-1 


100 


Comparative Example 3-2 


120 


Comparative Example 3-3 


95 


Comparative Example 3-4 


90 


Comparative Example 3-5 


92 



[0215] in Table 5, when Invention Example 3-1 is compared with Comparative Example 3-1 , it is understood that 
Invention Example 3-1 can largely prevent the uneven wear of the land part at the axialiy inner side as compared with 
Comparative Example 3-1 . 

[021 6] When Comparative Example 3-2 is compared with Comparative Example 3-1 , it is understood that if the lateral 
groove component in the land part at the axialiy outer side is made small and this land part is divided by the Tine-width 
circumferential groove into the widthwise inner portion and the widthwise outer portion and the holes are formed in 
these portions, lateral force in the cornering can not be born and hence the performance of suppressing the uneven 
wear is rather deteriorated. In this case, the outer portion located at the outside of the fine-width circumferential groove 
does not function against the lateral force and hence the uneven wear is caused In the iniier portion and the appearance 
is deteriorated. 

[0217] When Invention Example 3-1 Is compared with Comparative Example 3-5, it is understood that the uneven 
wear can be further suppressed by arranging the holes in the widthwise inner portion of the land part. 
[021 8] When Invention Example 3-2- is compared with Invention Example 3-1 , it is understood that the uneven wear 
can be further suppressed by dividing the iand part at the axialiy inner side through the fine-width circumferential groove 
into the widthwise outer portion and the widthwise inner portion. 

[0219] When Comparative Exampie3-3 is compared with Invention Example 3-1 , it is understood that when the width 
of the widthwise outer portion is too large, the effect of suppressing the uneven wear is small. 
[0220] When Invention Example 3-2 is compared with Comparative Example 3-4, it is understood that the arrange- 
ment of the holes, in which the diameter of the hole at the widthwise outside, is made large is effective for suppressing 
the uneven wear. . 

(Example 4) 

Example 4-1 

[0221] For the purpose of measuring the effect of reducing interior noise in the pneumatic tire according to the in- 
vention, there are provided one kind of a tire having a tire size of 205/65R15 and a tread pattern shown in FIG. 10 
(invention Example 4-1 ) and two icinds of tires having tread patterns shown in FIGS. 23 and 24 (Comparative Examples 
4-1 and 4-2). Each of these tires is inflated under an air pressure of 200 kPa and assembled onto an aluminum wheel 
having a size of 1 4x6JJ (transmission ratio: +3 dB at an overall (total sound pressure level)), in which the transmission 
ratio Is larger in a rear side (axialiy inner side) than in a front side (axialiy outer side), and mounted on a domestic FF 
car of 2000 cc. A running test on a rough road surface is carried out at 60 km/h, during which noise level at a zone 
value of 300-800 Hz is measured at a position corresponding to a left ear of a driver. IS/loreover, the widths of the 
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10 



15 



20 



25 



30 



circumferential grooves In all of the tires are 8.0 mm, 9.6 mm and 7.4 mm from a left side of the figure in this order. 
[0222] The results are shown in Table 6. 

[0223] In Comparative Example 4-1 , as shown in FIG. 23, at least two circumferential grooves, particularly three 
circumferential grooves 52 in the figure continuously extending in a circumferentiar direction are arranged in a tread 
51 , and lateral grooves 55. 56 are arranged in a land part 53 of a widthwise end side located at a side having a large 
vibration transniission characteristb of a wheel to be mounted and a land part 54 of the other widthwise end side among 
land parts defined by these circumferential grooves 52 so as to be made total volumes equal to each other and slant 
grooves 59, 60 are arranged in two land parts 57, 58 defined inward in the widthwise direction by the three circumfer- 
ential grooves 52, respectively. 

[0224] |n Comparative Example 4-2, as shown in FIG. 24, the tire of Invention Example 4-1 is mounted on a wheel 
so as to turn the direction of the pattern inside out. 

Table 6 





Interior noise 


Invention Example 4-1 


A 1 .5 dB 


Comparative Example 4-1 


standard value 


Comparative Example 4-2 


+ 0.4 dB 



[0225] In Table 6, when Invention Example 4-1 is compared with Comparative Exaniples 4-1 and 4-2, it Is understood 
that by mounting the tire of Invention Example 4-1 on a wheel so as to position a land part having a small total volume 
of lateral grooves and provided with fine-width circumferential groove and holes to a side having a large transmission 
ratio of wheel is lowered compression rigidity of such a land part to reduce the road noise and also the geometrical 
discontinuity of the land part is lessened to reduce the pattern noise, whereby a solid propagation sound can be reduced 
to reduce the Interior noise. 

[0226] Comparative Example 4-2 is a case that the tire of Invention Example 4-1 is mounted on the wheel so as to 
position the land part having a small total volume of lateral grooves and provided with fine-circumferential groove and 
holes to a side having a small transmission ratio of wheel, from which it is understood that the number of lateral grooves 
In the land part arranged at a side having a large transmission ratio of wheel becomes large and the geometrical 
discontinuity increases and hence the pattern noise increases and the Interior noise is rather deteriorated as compared 
with Comparative Example 4-1 . 
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Example 4-2 

[0227] For the purpose of specifying a side having a large transmission ratio in various wheels, there are provided 
three kinds of wheels A, B, C having a sectional shape shown in FIG. 25 and an offset value of a disc of 45 mm with 
respect to a rim having a size of 14x6JJ and provided with a tire having a widthwise sectional shape symmetric with 
respect to an equatorial plane of the tire. Each of these wheels is mounted on an axle portion provided with a load cell, 
and vibrations are applied to both shoulder portions of a tread of the tire by a vibration exciter to measure a vibration 
force as an input and a force measured at the axle portion as an output, and a function of transmission ratio responding 
to frequency is determined at each of front side and back side to determine a ratio of transmission ratio (back/front) 
every .each frequency and calculate an average thereof at a frequency zone of 300-1000 Hz, from which a side having 
a large transmission characteristic of wheel is specified. The results are shown In Table 7. When a numerical value is 
1 , the transmission ratios at the front and back sides are the same, and when it exceeds 1 , the transmission ratio at 
the back side is large, and when it is less than 1 , the transmission ratio at the front side is large. 

Table 7 





Transmission ratio (back/front) 


Wheel A 


1.0 


Wheel B 


0.8 


Wheel C 


2.95 



[0228] According to the above, the side having a large transmission ratio of wheel can be accurately specified, and 
it is possible to effectively apply various countermeasures for suppressing the solid propagation sound. 
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(Example 5) 

[0229] With respect to a tire-wheel assembly using an invention tire and comparative tires of 206/65 R1 5 in size, the 
conicity force Is measured and the steering stability and resistance to hydroplaning are determined to obtain results 
as shown in Table 8. 

[0230] Invention Example 5-1 has a shape of a ground conlact face of a tread shown In FIG. 12(a), In which three 
circumferential grooves having a depth of 8 mm (groove width is 8.0 mm, 9.6 mm and 7,4 mm from a left side of the 
figure in this order) are asymmetrically arranged at axially inner and outer sides, and a ratio of effective ground contact 
area at axially outer side So^t to ground contact area at axially inner side Sin with respect to the equatorial plane O of 
the tire is 1 .1 4, and a radial distance from a tangential line L on an outer surface of the tread at a position corresponding 
to 80% of a tread width W is 5.8 mm at the axially outer side and 6.2 mm at the axially inner side. 
[0231] Comparative Example 5-1 has a shape of a ground contact face of a tread shown in FIG. 26, in which three 
circumferential grooves having a depth of 8 mm are arranged symmetrically with respect to the equatorial plane of the 
tire, and the effective ground contact areas at the front and back sides are equal to each other, and the radial distance 
from the tangential line L on an outer surface of the tread at a position corresponding to 80% of a tread width W is 
substantially equal at the front and back sides. 

[0232] Comparative Example 6-2 has a shape of a ground contact face of a tread shown in FIG. 12(a), in which the 
radial distance from the tangential line L on an outer surface of the tread at a position corresponding to 80% of a tread 
width W Is substantially equal at the front and back sides. 

[0233] The steering stability is evaluated by feeling In the running on a test circuit course, and the resistance to 
hydroplaning is evaluated by feeling in the straight running on a road surface having a water depth of 6 mm. Moreover, 
the larger the index value, the better the result. 

[0234] The conicity force is detemnined by averaging found values of 1 0 tires. 



Table 8 





Steering stability 


Resistance to hydroplaning 


Conicity force 


Invention Example 5-1 


105 


108 


20 


Comparative Example 5-1 


100 


100 


18 


Comparative Example 5-2 


108 


108 


86 



[0235] As seen from Table 8, Invention Example 5-1 develops high steering stability and resistance to hydroplaning 
and can control the conicity force to the same level as in the symmetrical pattern tire of Comparative Example 5-1. 

INDUSTRIAL APPLICABILITY 

[0236] According to the invention, there can be provided tires in which the resistance to hydroplaning and the con- 
trollability of tire noise, which have been a conflicting relation in the prior art, are established in a higher level. 



Claims 

1 . A tire having an asymmetric tread pattem which designates directions to inner and outer sides of a vehicle when 
the tire is mounted on the vehicle, wherein at least two circumferential grooves extending along an equatorial plane 
of the tire are formed in a region of a tread surface at an axially inner side with respect to the equatorial plane In 
the mounting on the vehicle and at least one circumferential groove is fomned in a region at an axially outer side 
thereof, and a circumferential groove nearest-to the equatorial plane of the tire among the circumferential grooves 
arranged in the axially inner side region has a width wider by 20% or more than an average groove width of the 
tire and a circumferential groove arranged toward a side of a tread end at the axially inner side region has a width 
corresponding to 90-1 1 0% of the average groove width, and the circumferential groove nearest to the equatorial 
plane of the tire at the axially outer side region has a width narrower by 10% or more than the average groove width. 

2. A tire having an asymmetric tread pattern according to claim 1 , wherein one circumferential groove Is arranged in 
the axially outer side region and the circumferential groove arranged in the axially Inner side region and nearest 
to the equatorial plane of the tire has a width corresponding to 120-145% of the average groove width. 

3. A tire having an asymmetric tread pattem according to claim 1 , wherein two circumferential grooves are arranged 
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in the axialiy outer side region and the circumferentiai groove arranged in the axiaily Inner side region and nearest 
to the equatorial plane of the tire has a width corresponding to 130-1 60% of the average groove width. 

4: A tire having an asymmetric tread pattern according to any one of claims 1 to 3, wherein a rib-like land part extending 
5 along the equatorial plane of the tire is arranged on or in the vicinity of the equator of the tire sandwiched between 

the circumferential grooves, and the rib-iike land part has a center in the widthwise direction of the tire positioned 
from the equatorial plane of the tire toward a side of elongating a circumferential length of a ground contact area 
of the tread when a negative camber is applied to the tire and is provided with plural fine grooves extending in a 
direction crossing with the equatorial plane of the tire, and the fine groove has a portion extending In a direction 
io inclined with respect to a radial direction of the tread in the tire, and further a circumferential groove located at the 

side of elongating the circumferential length of the ground contact area of the tread among the two circumferential 
grooves sandwiching the rib-like land part has a wide-width. 

5. A tire having an asymmetric tread pattern according to claim 4, wherein the fine groove has an Inclination angle 
15 of 5-55** with respect to the widthwise direction of the tire. 

6. A tire having an asymmetric tread pattern according to claim 4 or 5, wherein the fine groove is opened at the 
surface of the tread. 

« 

20 7. A tire having an asymmetric tread pattern according to claim 4, 5 or 6. wherein an opening width of the fine groove 

is not more than 2 mm. 

8. A tire having an asymmetric tread pattem according to claim 4 or 5, wherein the fine groove is closed at the surface 
of the tread. 

25 

9. A tire having an asymmetric tread pattern according to any one of claims 1 to 3, wherein a rib-like land part extending 
along the equatorial plane of the tire is arranged on or in the vicinity of the equator of the tire sandwiched between 
the circumferential grooves, and the rib-like land part has a center in the widthwise direction of the tire positioned 
from the equatorial plane of the tire toward a side of elongating a circumferential length of a ground contact area 

3o of the tread when a negative camber is applied to the tire and Is provided with plural ellipsoidal recessed dimples 

having a major axis In a direction crossing with the equatorial plane of the tire, and further a circumferential groove 
located at the side of elongating the circumferential length of the ground contact area of the tread among the two 
circumferential grooves sandwiching the rib-iIke land part has a wide-width. 

35 10. A tire having an asymmetric tread pattern according to claim 9, wherein the major axis of the dimple has an incli- 
nation angle of 5-46° with respect to the widthwise direction of the tire. 

11 . A tire having an asymmetric tread pattem according to any one of claims 1 to 3, wherein a total volume of lateral 
grooves, which may be formed in a land part at the axiaily inner side in the mounting on the vehicle among the 

40 land parts defined between the circumferential groove and the tread end, per a unit width in the widthwise direction 

of the tread over a full circumference of the tread Is made smaller than a similar total volume in the land part at 
the axiaily outer side in the mounting on the vehicle. 

12. A tire having an asymmetric tread pattern according to claim 11 , wherein plural holes separated from the clrcum- 
45 ferential groove and having a maximum depth corresponding to not less than 1/3 of a depth of the circumferential 

groove are formed In the land part at the axiaily inner side in the mounting on the vehicle, and a volume of concave 
portion in a zone ranging from a line passing through a center of such a land part in the widthwise direction of the 
tread to the side of tread end is made larger than a volume of concave portion in a zone ranging from the line 
passing through the center in the widthwise direction toward a side opposite to the tread end. ~ 

50 

13. A tire having ah asymmetric tread pattern according to claim 11 or 12, wherein the land part at the axiaily inner 
side in the mounting on the vehicle is divided by a fine-width circumferential groove Into a widthwise outer portion 
and a widthwise inner portion, and a width of the widthwise outer portion is made narrower than the widthwise 

Inner portion and is not more.than 1/1 0 of a tread width. 

55 

14. A tire having an asymmetric tread pattem according to claim 1 3, wherein at least one of curvature centers of curves 
constituting a profile of a side face of the widthwise outer portion In the tread at a section In the widthwise direction 
of the tire is positioned at an outer side of the tire, and a curvature center of a curve constituting a profile of the 
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widthwise inner portion is positioned at an inner side of tiie tire. 

15. A tire having an asymmetric tread pattern according to any orie of claims 11 to 14, wherein a width of the fine- 
width circumferential groove is gradually widened from a groove bottom toward a side of the surface of the tread. 

16.. A tire having an asymmetric tread pattern according to any one of claims 11 to 15, wherein at least a part of a zone 
having plural holes in the (and part at the axially Inner side mounted on the vehicle is contacted with ground under 
an action of a load corresponding to not less than 70% of a maximum load capacity of the tire. 

17. A tire having an asymmetric tread pattern any one of claims 11 to 16, wherein an opening size of the hole in the 
land part at the axially inner side mounted on the vehicle is made large toward a direction separating away from 
the equatorial plane of the tire. 

18. A tire having an asymmetric tread pattern according to any one of claims 11 to 17, wherein a distance among the 
plural holes in the land part at the axially inner side mounted on the vehicle is made smaller toward a direction 
separating away from the equatorial plane of the tire. 

19. A tire having an asymmetric tread pattern according to any one of claims 11 to 1 8, wherein a depth of the hole In 
the land part at the axially inner side mounted on the vehicle Is made deeper toward a direction separating away 
from the equatorial plane of the tire. 

20. A tire having an asymmetric tread pattern according to any one of claims 1 to 3, wherein when the tire is mounted 
on a wheel in which a transmission ratio of a radial force input to one end portion of a rim in the widthwise direction 
toward an axle is larger than the similar transmission ratio of a force input to the other end portion of the rim in the 
widthwise direction, a total volume of lateral grooves, which may be formed in a land part located at a side of large 
transmission ratio mounted on the wheel among the land parts defined between the circumferential groove and 
the tread end, per unit width in the widthwise direction of the tread over a full circumference of the tread Is made 
smaller than the similar total volume of lateral grooves formed in the land part located at the side of the other tread 
end, and the land part located at a side of large transmission ratio is divided by a fine-width circumferential groove 
into a widthwise outer portion and a widthwise inner portion , and a plurality of holes separated from the circum- 
ferential groove and the lateral grooves are fomied In the widthwise inner portion. 

21 . A tire having an asymmetric tread pattern according to claim 20, wherein a width of the fine-width circumferential 
groove is gradually widened from a groove bottom toward a side of a surface of the tread. 

22. A tire having an asymmetric tread pattern according to claim 20 or 21 , wherein an opening size of each of the 
plural holes formed In the widthwise Inner portion Is made larger toward a direction separating away from the 
equatorial plane of the tire. 

23. A tire having an asymmetric tread pattern according to any one of claims 20 to 22, wherein a distance among the 
mutually plural holes formed in the widthwise inner portion is made smaller toward a direction separating away 
from the equatorial plane of the tire. 

24. A tire having an asymmetric tread pattern according to any one of claims 20 to 23, wherein a depth of each of the 
plural holes formed in the widthwise inner portion Is made deeper toward a direction separating away from the 
equatorial plane of the tire. 

25. A tire having an asymmetric tread pattern according to any one of claims 20 to 24, wherein at least a part of a 
zone having plural holes in the widthwise inner portion is contacted with ground under an action of a load corre- 
sponding to not less than 70% of a maximum load capacity of the tire. 

28. A tire having an asymmetric tread pattem according to any one of claims 20 to 25, wherein at least one of curvature 
centers of curves constituting a profile of a side face of the widthwise outer portion In the tread at a section in the 
widthwise direction of the tire Is positioned at an outer side of the tire, and a curvature center of a curve constituting 
a profile of the widthwise inner portion Is positioned at an Inner side of the tire. 

27. A tire having an asymmetric tread pattern according to any one of claims 1 to 3, wherein an effective ground contact 
area of either axially inner side or axially outer side at a state that the tire is assembled on an approved rim and 
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fNled with a normal air pressure and loaded under a mass corresponding to a maximum toad capacity is made 
larger than that of the other side, and a radial distance from a tangential Irne on an outer surface of the tread 

perpendicular to the equatorial plane of the tire to each of tread ground contact edges at a posture of filling the 
normal air pressure is made larger in the side having a small effective ground contact area than in the other side. 

5 

28. A tire having an asymmetric tread pattern according to claim 27, wherein a relation between a ratio of large and 
small of the effective ground contact area (S-large/S-small) and a ratio of large and small of the radial distance 
(H-large/H-small) is (S-large/S-small) = A x (H-large/H-small) in which A is 1 .0-1 .4. 

A method of mounting a tire having an asymmetric tread pattern on a vehicles through a suspension giving a 
negative camber at full time or as needed, which comprises taking a tire as claimed in any one of claims 1 to 28 
in a use form that a circumferential groove formed in an axially inner side region with respect to an equatorial plane 
of the tire in the mounting on a vehicle and nearest to the equatorial plane overlaps with such a position that a 
circumferential length of a tread ground contact region when a negative camber is applied to the tire. 

A method of measuring vibration transmission characteristic of a wheel, which comprises mounting a wheel as- 
sembled with a tire having a sectional shape in a widthwise direction symmetric with respect to an equatorial plane 
onto an axle nnember, applying vibrations having different frequencies to each shoulder portion of a tread of the 
tire in a radial direction to measure a transmission ratio represented as a ratio of an axle input produced in the 
axle member based on the vibration applied force to the vibration applied force, and detenriining an average value 
of the transmission ratio at each frequency every the shoulder portion to judge what average value of the trans- 
mission ratio among the determined average values is large. 

31 . A method of measuring vibration transmission characteristic of a wheel according to claim 30, wherein a zone of 
25 the vibration frequency applied is 300-1000 Hz. 
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